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CHAPTER I
INTRODUCTION
In a period of time that is experiencing growth explosions with
respect to human population and knowledge, i t is seriously questioned
whether the use of tra d itio n a l teaching methods is too in e ffic ie n t
and in e ffe c tiv e in keeping pace with current educational goals in
science education, esp ecially biology.

As the percentage of the

population demanding b e tte r education increases, and as the volume
of knowledge enlarges due to the contributions of more people educated
in science and technology, the resulting problem increases proportion
a te ly .

The problem is to provide learning situations and environments

with enough f l e x i b i l i t y to coincide with each student's a b i lit ie s ,
in te re s t and background.
The Problem
The w rite r 's exposure to the teaching of biology, using both a
tra d itio n a l lectu re-laboratory system and a multi-media system known
as the au d io -tu to rial approach, was the motivating force fo r the i n i 
tia tio n of this study.

The primary problem with which this in v e s ti

gation deals is the comparison of the achievement in , and attitudes
toward, biology of non-science majors at the college level who have
learned by these two systems.
However, i t is the w rite r's opinion that there are also a number
of secondary variables th at warrant investigation in addition to the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

primary ones of achievement and a ttitu d e .

As a secondary problem,

the investig ato r chose to compare in te rrelatio n sh ip s of a number of
student variables, based upon his teaching experiences, reading,
and research.

These student variables include sex, age, year in

college, fin a l grades, size of high school from which they graduated,
high school grade-point averages, c re d it hours ca rrie d , employment
status, plans fo r taking additional biology courses, and high school
and college science and mathematics background.
Since there are d e fin ite advantages and disadvantages with both
au d io -tu to rial and conventional methods of teaching, i t is not the
in te n t of this investigation to try to prove that one method is b etter
or more e ffe c tiv e than the other.

A primary desire is to make recom

mendations, based upon the data co llected, which may re s u lt in the
improvement of presentations and techniques which are used in both
methods.
History o f the Audio-Tutorial System
In 1961, Dr. S. N. Postlethwait introduced audio-tape supple
mentary lectures to his freshman botany students a t Purdue University.
This was an attempt to provide an opportunity fo r students with in 
s u ffic ie n t backgrounds to keep up with the class.

Postlethwait (1969)

operated from the premise that learning is an a c tiv ity done by an
individual and not something done to an in d iv id u a l.

I t was his de

s ire to create an environment in which the learner is motivated.
Several refinements and developments followed the o rig in al audio-tape
inception.

The tape commentary was supplemented with textbooks,
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3
laboratory manuals, specimens, experimental equipment and other items
of assistance to the student.

From th is beginning, the system at

Purdue has evolved into a more sophisticated and integrated program
that includes independent study sessions - the central a c tiv ity of
the program - a general assembly session and an integrated quiz
session.
The basic design of the course Biological Science 107 at Western
Michigan U n iversity was patterned a fte r the system developed by
Postlethwait.

L o g is tic a lly speaking, the conventional lecture and

laboratory design employed at Western Michigan University was not
able to keep pace with the increasing enrollments, due to a lack of
physical f a c i li t i e s and prodigious in stru ctional demands.

Thus, in

1962, a study was undertaken, headed by Dr. Imy V. Holt (1967) to
determine the f e a s ib ilit y of an au d io -tu to rial approach fo r the bio
logical science course in the General Studies program.

By the f a l l

of 1964, the preparation of and planning fo r physical f a c i l i t i e s ,
equipment, in stru ctio n al equipment and course content were completed.
The actual operational phase of this painstaking and concerted plan
ning e ffo r t commenced in the f a l l of 1966 with an i n i t i a l student
enrollment numbering over 900.
Guidelines fo r the Development of
an A u dio -tutorial Educational Program
I f prime consideration is given to a fundamental guideline
stressed by Postlethwait (1969) - "learning is an a c tiv ity done by
an individual and not something done to an individu al" - then the
structuring of an educational program or system should be done on the
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basis th at the program must involve the learner.

Consequently, a

teacher at best can only create situations conducive to learning which
allow fo r individual differences such as in te re s t, a b ilit ie s or
capacities and backgrounds.

A student becomes involved in an educa

tion al program by p artic ip atin g in the decisions as to how he can
best achieve the course objectives, and he must be permitted to select
the parts which are most meaningful, useful and helpful to him.

If

w ell-defined course or subunit objectives are non-existent, or i f
they are not made c le a rly evident to the student, the f l e x i b i l i t y of
allowing the students to obtain meaningful, useful and helpful parts
of the course would be impossible.

Postlethwait (1969) (1970) demon

strated that many students can learn more and in less time i f they
simply have a l i s t of behavioral objectives and the freedom to pursue
th e ir study independently.
An obvious question now is , "What are some of the a c tiv itie s
and situations which w ill serve as guidelines in developing an educa
tion al program with the b u ilt- in f l e x i b i l i t y of allowing students the
freedom o f progressing a t th e ir own levels of achievement?"

Dr.

Postlethwait (1969) (1970) included the seven following ingredients
in the au d io -tu to rial program he developed at Purdue:
R e petitio n.

This allows each student the opportunity of re-doing

any portion of the study as often as he finds i t necessary fo r
his understanding.

However, equally as important, no student

has to repeat any segment which he feels he has adequately learned.
2.

Concentration.

I t is obvious th at learning requires the atten

tion of the learner and provides a learning situ ation at the time
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when the learner is most a le r t and receptive to the presented
m aterial.

Thus, a rather broad time range should be made acces

sib le to the student to accomplish the expected behavioral ob
jectives at the time he can best concentrate on the presented
m a te ria l.
3.

Association.

Any b it of information which can be illu s tra te d

with an appropriately related item should be executed at the
time that this p a rtic u la r b it o f information is being presented.
The learner's attention should be focused upon liv e m aterials,
photographs, diagrams, charts or any other such illu s tr a tio n s ,
and abstractions should be minimized.
4. Appropriate size of subject-m atter u n its .

There is a consider

able amount of variatio n among students as to the amount of in fo r
mation that they can assim ilate in a given

period of time.

For

some students i t is possible to progress in large steps, whereas
others must proceed at a slower pace.
w ill allow fo r both types of learners.

A good educational method
Based upon the premise

that "success begets success", students who can enjoy some success
in learning w ill not only be b e tte r prepared fo r subsequent mater
i a l , but they w ill also be motivated by and receptive to this
m a te ria l.
5.

Adaptation of the means of communication to the nature o f the
ob jectiv e.

The f u ll spectrum o f learning a c tiv itie s cannot be

achieved by u t iliz in g a single method of communicating knowledge,
such as lecturing or a textbook.

I t is fo lly to attempt to lec

ture to students concerning the development of a p a rtic u la r
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s k ill.

The only way in which students cari develop the desired

s k ills required in a p a rtic u la r course is to actually involve
them in manipulative procedures which have cle a rly defined ob
je c tiv e s .

An educational system should not rely on any single

method o f communication.

Adjustments should be made as dictated

by the nature of the subject i t s e lf .

For instance, i f c r itic a l

thinking is the desired ob jectiv e, i t should be obvious that
students w ill gain more experience by being encouraged to solve
problems rather than expecting them to simply co lle ct data or
by t e llin g them about the features that are involved with c r i t i 
cal thinking.
6-

Use of multimedia.

People d iff e r in th e ir responsiveness and

re c e p tiv ity to d iffe re n t kinds o f communication.

Some people

may learn and respond best through an audio or lecturing approach,
others by reading or a visual approach, and s t i l l others by means
o f a mechanical or manipulative method.

I t should be obvious that

students should have a variety o f ways available to them so as
to permit them to e x p lo it the communication medium which is best
adapted to th e ir p e c u lia ritie s .
7.

Integration o f learning events.

The a c tiv itie s o f the students

should be the central part o f any program rather than those of
the instru cto r.

But i t is also true that teaching must take into

account the cognitive development of individual students.

The

necessity o f proper sequencing or programming of learning a c tiv i
tie s appropriate to the objectives should be most obvious.

If

several study a c tiv itie s are randomly sequenced and disassociated
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from one another, the resu lt would obviously be the lack of proper
understanding and achievement on the part of the student.

Basic

ideas upon which subsequent information was dependent had to be
presented f i r s t .

Hence, each succeeding a c tiv ity would supple

ment the others, and this would result in the students' greater
to ta l achievement and comprehension.
I f these seven ingredients o f an au d io-tuto rial system as set
forth by Postlethwait are applied d ilig e n tly , any course, not ju s t
biology, would ben efit.
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CHAPTER I I
RELATED RESEARCH
A search of the lite r a tu r e was made to obtain information con
cerning multi-media methods o f instru ctio n .

While the spoken word

is one o f the most important tools o f an educator's trade, when
applied as a form of an in stru ctional stimulus, current research .
indicates that the

spoken word alone may no longer be the moste ffe c 

tiv e or economical

teaching stimulus fo r achieving many kinds of ob

je c tiv e s .

Gagne (1965) states:

"There are as many v a rie tie s of learning as there
are distinguishable conditions fo r learning. These v a ri
eties may be d iffe re n tia te d by means o f descriptions of
the factors th at comprise the learning conditions in
each case. In searching fo r and id en tifyin g these, one
must look, f i r s t , at the c a p a b ilitie s intern al to the
learn er, and second, at the stimulus situ ation outside
the learner.
Each type of learning s tarts from a d if f e r 
ent 'p o in t1 o f intern al c a p a b ility , and is lik e ly also
to demand a d iffe re n t external situ atio n in order to
take place e ffe c tiv e ly ."
Thus, d iffe re n t kinds of learning are established by d iffe re n t sets
of learning conditions, which in tu rn , are made possible by the mani
pulation of instru ctional events.

According to Gagne (1965), instru c

tion al events can be produced or provided by applying appropriate
s tim u li.
Considering the vast amount o f lite r a tu r e which pertains to the
various forms of instru ctional media, such as, te le v is io n , s t i l l and
motion pictures, programmed in s tru c tio n , computer-assisted in stru ctio n ,

8
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and auto-in structional techniques, there w ill be no attempt to re
view a ll this m aterial.
This lite r a tu r e review w ill be concerned with the specific
segment of auto-in struction commonly designated as the au d io -tu to rial
method.

A u d io -tu to ria l* methodology (involving tape recordings as

the major vehicle of in stru ctio n ) is an outgrowth of an auto-instruc
tion al system o r ig in a lly designed fo r a ir c r a ft p ilo t training programs.
Dr. S. N. Postlethwait (1969) introduced this form of instru ction to
a college classroom situ a tio n in 1961.

Since the number of re fe r 

ences in the lite r a tu r e concerning au d io -tu to rial methodology is on
the increase, only those references which are relevant to this study
w ill be cite d .

The cita tio n s considered to be apropos were those

which concerned themselves with (1) biology instruction at the college
le v e l; (2) comparative studies involving the au d io -tu to rial and t r a 
d itio n a l methods; and (3) measurements of achievement and attitudes
of these two forms of in stru ctio n .

References concerned with varia

tions in au d io -tu to rial p ractices, presentations and procedures were
not considered to be relevant.
Since the i n i t i a l application of the au d io -tu to rial method of
instru ction to an undergraduate level botany class at Purdue Univer
s ity , various forms of th is instru ctional method have been put into
operation from the graduate level down to classes in the elementary
schools and also in corporations.

Some examples of a u d io -tu to rial

applications in addition to biology classes are as follows:

*Trademark of Burgess Publishing Company
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an introductory geology course at P rincipia College; photojournalism
technique a t Indiana University; an e le c tric a l engineering lab at Purdue
U niversity; a basic English composition course at Vincennes Univer
s ity ; an earth science course at St. Petersburg Junior College; high
school chemistry a t S tratfo rd Central Secondary School in S tra tfo rd ,
Ontario; physical geography instru ction at Western Michigan University;
an introductory food class at Purdue U niversity; a course in Western
C iv iliz a tio n at Montgomery College in R o ckville, Maryland; an a g ri
cu ltu ral engineering course a t U niversity of Nebraska; a world history
program at Southwest Missouri State College; a course at the Univer
s ity o f Missouri Medical School which has encompassed an approach to
a m u lti-d is c ip lin a ry laboratory; elementary college physics at Meramec
Community College in St. Louis County; an independent study of in -s o il
science at Michigan State U niversity; ground school training fo r
f li g h t crews of American A ir lin e s , In c .; an integrated science program
at the Washington Hospital School of Nursing in Pennsylvania; English
counseling and the w ritin g of research reports at the U n iversity of
Ill in o is ; a course in veterinary medicine a t Purdue U niversity; elec
tronics instru ction at Texas A & M Un iversity; an A-T system in medi
ated simulation at Aerojet-General Corporation; the simulation of
c lin ic a l endodontic problems at the University of Kentucky College of
Dentistry; a sociology course at Columbia College in Missouri; an
algebra course at Arcadia High School in C a lifo rn ia ; and a mini course
in lib r a r y o rientation a t Azusa P a cific College.

In addition to these

numerous app lication s, Joseph D. Novak of Cornell U niversity has been
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researching the a p p lic a b ility of the a u d io -tu to rial methodology at
the elementary le v e l.
The following l i s t includes only a few of the schools which
use this instru ctional method in b io lo g ic a lly related courses:
Wisconsin State University - LaCrosse; El Centro College in Dallas;
Independence Community College; Los Altos H ills ' Foothill College
in C a lifo rn ia ; Parkland College, I ll in o is ; Rio Hondo Junior College,
W h ittie r, C a lifo rn ia ; the University o f Minnesota; Kansas State
U niversity; the University of North Dakota; the University of Delaware;
Michigan State U niversity; Thornton Community College; and Mi ami Dade Junior College.

These two 1ists^ are presented only as i ll u s t r a 

tions of the applications and directions th at the au d io-tuto rial
methods have taken and id e n tific a tio n of some of the schools and
corporations which u t iliz e these techniques.

These lis t s are made

in no attempt to be complete or exhaustive.
A general resume o f the pertin ent lite r a tu r e herein cited in d i
cated that the au d io -tu to rial method of instru ction works best at the
secondary school and college levels.
the use of this method.

Achievement

does occur through

There appears to be an increase in the amount

of material learned, esp ecially in re la tio n to a time facto r.

This

method does not indicate that one sex performs better than the other;
both sexes appear to respond well to the techniques employed.
There is some evidence that those students who have high a b ilit y

Vaken from reports presented at the Audio-Tutorial Systems
Conferences held at Purdue University October 1969 and November 1970.
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levels performed well regardless of the method of in stru ctio n , while
lower and average achievers b en efit more from an au d io -tu to rial ap
proach.

In some of the studies reported, as cited herein, the stu

dents' attitu d es at a ll levels of achievement appeared favorable
toward the au d io -tu to ria l method over the conventional method.
ever, comparative a ttitu d in a l studies were very lim ited .

How

In add itio n,

as observed from another area of lim ited research, the information
available f a ils to indicate that there is

a novelty e ffe c t associated

with the use of the au d io -tu to rial approach.
Comparative studies between an au d io -tu to rial approach and the
conventional methods are quite lim ited .

In only a few studies re

ported were researchers fortunate in being able to compare students
from the same school with respect to the two approaches of biological
instru ction that this study is concerned w ith.

I t is quite rare to

fin d more than one in stru ctional presentation of biological informa
tion at the same in s titu tio n .

Four of the studies which involved

such unique populations were doctoral dissertations by Meleca (1968),
Shannon (1968, Durst (1968) and Weaver (1969).
Meleca (1968) compared the achievement of students in a tra d i
tio n a lly -ta u g h t course w ith those of students who were enrolled in
an auto-in structional course.

The la tt e r is a m odification of the

Postlethwait au d io -tu to rial design.

He found the following:

(1) the

p re -te s t comparisons of the mean scores on the background variables
did not show a s ig n ific a n t difference between the two groups, and
(2) the p os t-te st comparisons between the two groups indicated that
the au d io -tu to rial system's mean difference on achievement scores were
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s t a t is t ic a lly s ig n ific a n t at the .05 le v e l.

He concluded that stu

dents using auto-in structional m aterials can demonstrate satisfacto ry
achievement in college biology.

He also found that aptitude in mathe

matics and biology are e ffe c tiv e predictors of achievement in the autoinstru ctional course, but data did not support this conclusion with
respect to the students in the tra d tio n a lly-tau g h t course.
Shannon (1968) compared an integrated, independent laboratory
studies approach with a conventional re c ita tio n laboratory approach
during a fu ll-y e a r biology course.

On the basis of a biology subject

matter test which the author developed him self, he found there was
a s ig n ific a n t difference between the two methods of instru ction.
The difference indicated that the students exposed to the conventional
method could learn facts and principles of biology more e ffe c tiv e ly .
However, he fa ile d to fin d any s ig n ific a n t differences between groups
when tested using a standardized te s t in biology developed by Educa
tional Testing Service.

Shannon also fa ile d to fin d s ig n ific a n t

differences between the results on the Test of Understanding Science
and the Biology C r itic a l Thinking Test.

Unlike the previously cited

study, Shannon also chose to measure a ttitu d e .

His results revealed

that the students in the independent study course favored this method
to a s ig n ific a n tly greater degree than those in the conventional course,
as determined from a measuring scale devised by the author.
In the study completed by Durst (1968), a comparison was made of
the r e la tiv e effectiveness between a general biology course which
u tiliz e d an au d io -tu to rial laboratory and a tra d itio n a l lecture course
without a laboratory.

The three c r ite r ia upon which his study was
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based were:

science ap titu d e, a ttitu d e toward biology and achieve

ments in general biology.

His results indicated that the audio

tu to ria l course was as e ffe c tiv e as the tra d itio n a l course to which
i t was compared.

The au d io -tu to rial students, in general, achieved

higher on the c rite rio n tests than did the students in the traditonal
class, but none of the differences were s t a t is t ic a lly s ig n ific a n t.
Weaver's (1969) findings a t El Centro College of the Dallas
County Junior College D is t r ic t were s im ila r to the previous three
studies.

Since this was also a comparative study of au d io -tu to rial

versus tra d itio n a l methods, which u tiliz e d students who attended the
same school, he was p rim a rily interested in achievement measurement.
He observed there were no s ig n ific a n t differences that existed be
tween the two in stru ctional methods in the cognitive areas.

Also,

achievement in the course content areas was not s ig n ific a n tly d if f e r 
ent fo r the two approaches.

L as tly, he concluded that variations in

achievement among the groups were not conducively related to sex or
age differences.
A cooperative report which was presented by Sparks, Nord and
Unbehaun (1970) at the second Audio-Tutorial Conference at Purdue
University involved a comparison of students enrolled a t the LaCrosse
branch of Wisconsin State University.

Here again, the students in

the study attended the same in s titu tio n s , some in the au d io -tu to rial
general biology course and the others in the conventionally instructed
method.

The adm inistration of the p re -te s t, the Natural Science portion

of the American College Test, to the two groups, fa ile d to reveal sig
n ific a n t differences between them.

The p os t-te st measurement of
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achievement u tiliz e d the Total Biology Test.

The results of this te s t

showed that the students exposed to the au d io -tu to rial method had a
s ig n ific a n tly higher mean difference in four of ten selected topics.
Those students in the conventional course did not evidence a s ig n i
fic a n tly higher mean difference over the a u d io -tu to rial students in
a single selected topic.
A study quite s im ila r to this p a rtic u la r investigation completed
by Russell (1968) involved students from two d iffe re n t ju n io r colleges
in Texas.

He compared an au d io -tu to rial method with a tra d itio n a l

method with respect to a ttitu d e and achievement.

He also investigated

the relationships which were dependent upon differences in sex and
the amount of biology in the students' high school background.

His

study revealed no s ig n ific a n t differences between the experimental
and control groups of students regarding a ttitu d e .

The relationship

of attitudes to sex and biological backgrounds indicated no s ig n if i
cant differences.

However, he did observe that the achievement of

students in the conventionally-taught course was s ig n ific a n tly higher
than those students who were enrolled in the au d io -tu to rial course,
as measured by the Nelson Biology Test.

Also, the female students

scored s ig n ific a n tly b e tte r scores than the males on the Nelson
Biology Test in both instru ctional approaches.

These achievement

results did not coincide with findings of the two previous reports.
A learning situ atio n or an instru ctional method cannot be consi
dered successful i f i t f a il s to take into account the basic reasons
fo r motivating the learner.

Regardless of how well planned and exe

cuted an educational program is , unless the information to be presented,
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and equally important, the state or status of the rec ip ie n t of this
information are considered to be basic m otivational facto rs, the pro
gram has l i t t l e chance of success.

I t is from this point of view that

the course Biological Science 107 at Western Michigan U n ive rs ity,
since i t commenced operation in the f a ll of 1966, has been under
constant scrutiny of the three senior instructors and has been the
subject of a continual research program.

The research involving this

au d io -tu to rial presentation of general biology - Biological Science
107 - is one of the more important feedback mechanisms in the evalua
tion of the course.

As a resu lt of the senior in stru cto rs' careful

study and the research feedback concerned with student a ttitu d e and
achievement, this course is constantly being revised and is l i t e r a ll y
in a continuous state of development, the fundamental reason being
student motivation.
The f i r s t study s p e c ific a lly concerned with Biological Science
107 was a comparative study by Geoghegan (1967).

He set out to deter

mine i f the au d io -tu to rial approach was as e ffe c tiv e as the tra d itio n a l
lecture-laboratory method with respect to student achievement.

He was

also interested in the a ttitu d e of the students toward this form of
presentation.

His findings were based on two groups of students who

were taught by the same instru cto r and given the same examinations.
The only variable was the method of in stru ctio n .

His results indicated

th at the students in the au d io -tu to rial program showed an improvement
in achievement and more positive attitudes toward the course.

He also

found a d irect correlation between the time spent in the laboratory
and the student's fin a l grade.
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Wisstnger completed two studies.

In his f i r s t study (June 1967)

he found that the four u n it tests th at were used to measure student
achievement were too d i f f i c u l t in re la tio n to the grading scale used
to evaluate the students' progress.

He also observed a high correla

tio n , as had Geoghegan, between time spent in the laboratory and
the student's fin a l grade.
In his second study, Wissinger (August 1967) attempted to fin d
the determinants which influence students' achievement when they are
exposed to an au d io -tu to rial method of teaching.

A fter a s t a tis tic a l

analysis of various fa c to rs , he observed that the students' verbal
and mathematical a b i li t ie s , as measured on th e ir freshman entrance
exams, were positive factors in determining success in the audio
tu to ria l course.

These same students with high verbal and mathematical

a b ilit ie s also spent more time in the laboratory.

The student's

verbal a b ilit y was found to be, however, more of an in flu e n tia l factor
than his mathematical a b ilit y .

Wissinger concluded that the use of

the au d io -tu to rial program in general biology made the evaluation of
student achievement more consistent with the students' performance
in the course.

Another conclusion was that the course was successful- •

in promoting student achievement.
Three separate and subsequent studies focused upon the students'
attitudes toward the a u d io -tu to ria l approach used at Western Michigan
University.

Muthiani (1970) reported th at students obtaining an "A"

or "B" fin a l grade favored the au d io -tu to rial method more than those
students who received "D" or "E" fin a l grades.

She found that females

rated this method of in stru ction lower than did males.

Also, in
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general, the "D" and "E" students gave an endorsement to the audiotu to ria l method as a satisfa cto ry teaching method, but they did not
believe this method was p a rtic u la rly well adapted fo r them.
Hackett (1971) investigated a number of factors which may have
had some influence on the students' a ttitu d e toward Biological Science
107.

Of p a rtic u la r in te re s t was a 1966 analysis that showed that

72 % of the students approved of the au d io -tu to rial method, whereas
Hackett concluded in her study that about 62% of the students professed
some form of acceptance.

Since this p a rtic u la r course went into opera

tio n , there has been an increase in the average number of hours stu
dents spend in the laboratory.

The investigator concluded that with

the increase in emphasis placed upon laboratory experience, more
in d ividu alized e f fo r t on the part of the student with respect to s e lfd iscip lin e and individual study habits was required; this appeared
to generate a less favorable a ttitu d e toward the course.
Vander Wal (1972) observed th a t, in general, the males favored
the au d io -tu to rial method more than females, based upon mean differences
on a Likert-typ e a ttitu d e scale.

He also demonstrated that the stu

dents with higher fin a l grades reacted more favorably and those with
lower grades responded more negatively.

Another factor included in

his study was the relationsh ip between sex and fin a l grade.

On a

percentage basis, more males received fin a l grades of "A" and "D"
than did the females .

However, more females received a fin a l grade

of "B" than did the males.

Both sexes had the same percentage of

those receiving a "C" fo r a fin a l grade.
Kochersberger (1965) compared the achievement of students enrolled
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in general biology in a community college with that of students
enrolled in the course in a u n iversity.

He concluded that teaching

is the primary a c tiv ity of the instructors at the two-year colleges.
In the two-year colleges i t is the fu ll-tim e instructors who ty p i
c a lly assume the teaching resp o n s ib ility in the laboratory as well
as in the lecture and re c ita tio n sections.

This gives the students

exceptional opportunity to discuss course work with th e ir instructors
on a somewhat informal basis, especially in the laboratory.

Such

communication is not o rd in a rily possible in the four-year schools
which frequently u t iliz e upper division or graduate students to
in stru ct the laboratory.
At an Audio-Tutorial Systems Conference at Purdue University
in 1969, Novak (1969) emphasized in his presentation two aspects of
research he believed were especially relevant to au d io -tu to rial
in stru ctio n .

F ir s t, i t was necessary to examine theories of learn

ing and then assess the degree to which instru ction was consonant
with that indicated by the learning theory.

Secondly, one of the most

important c r ite r ia of e ffe c tiv e instru ction should be the analysis
of learning time required fo r attainment of given levels of know
ledge or concept d iffe re n tia tio n .

Most research in science teaching

lacks consideration of the la tt e r variable e n tire ly ; however, in
comparative studies, time analysis is most d i f f i c u l t to accomplish
in conventionally-taught courses.
The above research indicates that in comparing tra d itio n a lly or conventionally-taught courses with those u t iliz in g an au d io -tu to rial
method, the more s im ila r itie s the students have, the tig h te r the
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controls can be.

These controls include such factors as scholar

ship aptitudes, achievement a b ilit ie s and common interests and a t t i 
tudes.

I f these c r ite r ia are e ffe c tiv e ly applied, then the d if f e r 

ences between students subjected to the two instru ctional methods may
be attrib u te d to the educational approach.
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CHAPTER I I I
RESEARCH DESIGN
The purposes of this chapter are to (1) indicate the questions
upon which this study was designed; (2) define relevant terms; (3) l i s t
lim ita tio n s ; (4) describe course content and characterize the popula
tions; (5) depict the procedures u tiliz e d in matched pairing and in
data co lle ctio n ; (6) id e n tify the instrumentation; and (7) describe the
research design and the methods employed in the analysis of the data.
Questions
As previously mentioned, the investigator has had experience in
using both the au d io -tu to rial method as well as the conventional
approach to the teaching of general biology at the college le v e l.
From his observations, the following questions developed:
1.

I f comparable differences occur in student achievement, what
fa c to r(s ) in these two methods of presentation may account for
these differences?

2.

I f comparable changes occur in student a ttitu d e , what fa c to r(s )
in the two methods of presentation may account fo r these
changes?

3.

Since in te rrelatio n sh ip s e x is t between the numerous student
v ariables, what conclusions emerge from analyzing these in te r 
relationships?

4.

Does the data collected warrant the support of one teaching

21
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method over the other, a fte r considering the advantages and
disadvantages o f both methods?
5.

Should one method be shown to be more e ffe c tiv e , based upon the
data re s u lts , what fa c to r(s ) account(s) fo r this?
Definitions
1.

A general biology course is a course structured to present

the major principles and concepts of biology without placing emphasis
on a p a rtic u la r group of organisms - fo r example, plants

or animals -

or a sp e cific biological d is c ip lin e , such as physiology, genetics,
ecology or evolution.

In such a general course these areas or d is c i

plines are included and may even serve as a nucleus around which the
course is developed.

However, a p a rtic u la r domain is not taught ex

clusively fo r the duration o f the course.
2.

A non-science major is a student who has selected, at least

tem porarily, a major in areas other than science, as well as those
who have not yet decided upon a f ie ld of s p e cializatio n .

In varia b ly ,

i t includes a few students who w ill eventually become science oriented,
and possibly even b io lo g is ts.

The e ffo rts to place people in cate

gories are ty p ic a lly unsuccessful, and the designation non-science
major is no exception.

Thornton (1972) lis ts the following as charac

t e r is tic s of non-science majors enrolled in a general biology course:
a.

Students enroll because i t is required for graduation.
Some may take i t to get a good grade, and others are
there because they do not want to be somewhere else.
I t is always a general biology in stru cto r's hope that
some w ill have enrolled out o f a desire to learn b i
ology or at least learn about biology.
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b.

Students with diverse experiences and educational back
grounds enroll in such a course. For example, some
may be college seniors, majoring in psychology who have
had extensive background in the s c ie n tific approach to
research, but ju s t never got around to taking biology
un til th e ir senior year. Others may have picked up
th e ir conceptions o f biology from ecology a c t iv it ie s ,
such as "clean-ups."

c.

Students with a wide range o f in te lle c tu a l and mani
pulative s k ills are common in a general biology course.

d.

There are students with varied attitu d es and feelings
about the course, p a rtic u la rly o f the laboratory. Some
may not wish to work with liv in g (or preserved) speci
mens, while others take d elig ht in such a c tiv itie s .

e.

Students with varied expectations re g is te r fo r general
biology. Some may expect to be to ld exactly what to
do and feel fru strated when open-ended a c tiv itie s are
included. Others may expect to be permitted to do real
science and are, consequently, c r itic a l of prefabricated
exercises which give them s p e c ific instructions to
follow .

f.

Students who enter a general biology course may in the
future use th e ir biological information and in te lle c tu a l
s k ills which they acquire to d iffe re n t degrees. I t is
conceivable th at some might become public o ffic ia ls
responsible fo r d rafting le g is la tio n which w ill deter
mine the future course o f s c ie n tific research, while
others w ill find themselves in positions and l i f e styles
which require r e la tiv e ly l i t t l e understanding of biology.

Perhaps general biology courses which have students illu s t r a tin g such
d iversity in terms o f goals, experiences, backgrounds, s k i ll s , a ttitu d e s ,
expectations and future needs, could be appropriately called "Biology
for Every Person" rather than "Biology fo r Non-Science Majors."
3.

A uto-instructional methodology is an instru ctional system

consisting o f several or a ll o f the following components:

(1) learners;

(2) in stru cto rs; (3) m aterials; (4) machines; and (5) tech nician(s).
Given certain inputs, th is system was designed so that the learner
can carry out a prescribed set of operations on an individual basis
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in a study c a rre l.

This set o f operations was devised s p e c ific a lly

according to behavioral objectives so th at the p robability of a tta in 
ing the specified terminal behavioral changes is maximal.
was previously designed fo r the a ir c r a ft tra in in g program.

This method
Audio

tu to ria l methodology, which involves tape recordings as the major
vehicle o f in s tru c tio n , is a sp e cific form o f auto-in struction.

It

not only makes use of tape recordings, but also includes other media
such as film s tr ip s , 8 mm. concept film loops, demonstrations, graphic
displays and special readings.

A udio -tutorial is also the trademark

o f the Burgess Publishing Company, Minneapolis, Minnesota, fo r th e ir
heavy hardware.
4.

The tra d itio n a l approach is synonomous with a conventional

or regular method o f presenting general biology to college students.
This form of teaching may be considered from a systems point o f view,
minus the teaching machines.

This approach is not designed so that

the learner can carry out a prescribed set o f operations on an in d iv i
dual basis according to the inputs.

With this method, students are

lectured to by a teacher fo r varying amounts o f time each week, during
scheduled periods designated as lecture or recitation sessions.

Also,

a block or blocks o f time are usually scheduled each week for labora
tory work.
5.

Achievement is defined in th is p a rtic u la r study, as the

students' performance on the Cooperative Science Biology Test.

Achieve

ment (students' te s t scores) is assessed in terms of knowledge and
understanding o f basic concepts and p rin cip les , a b ilit y to apply
knowledge in problem s itu a tio n s , and a b ilit y to analyze and evaluate
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biological ideas and procedures.
A ttitu d e is defined operationally fo r this study as the
median scale value scores of the students on the A ttitu d e Toward Any
School Subject a ttitu d e scale by E. B. Si lance and H. H. Remmers
(Shaw and W right, 1967).

Most d e fin itio n s seem to agree that a* a t t i 

tude is a state of readiness, a tendency to act or react in a certain
manner when confronted with certain stim uli (Oppenheim, 1966).
Thurstone (1946) defined an a ttitu d e as "the degree of positive or
negative a ffe c t associated with some psychological object."
A ttitu d es , lik e many other components of behavior, are abstrac
tions - even though they are real enough to the person who entertains
them.

Most people have many attitudes in common, y e t some rnay have

attitudes which only a few other people have; fa ilu r e to re a liz e this
has led to some unsatisfactory research.

Allowances must always be

made fo r the p o s s ib ility that a p a rtic u la r a ttitu d e one may wish to
study is simply not present in that part of his sample.
7.

Grand Rapids Junior College (abbreviation - GRJC w ill be

used in the remainder of this paper to designate this school) is lo 
cated in the "downtown" area of Grand Rapids, Michigan.

Established

in 1914, i t has the d is tin c tio n of being the f i r s t two-year college in
the state and is believed also to be the th ird in the nation.

I t is

one of the la s t colleges in the state to remain under the control of
a c ity 's board of education.

GRJC serves not only the residents

of Grand Rapids and the surrounding school d is t r ic t s , but also serves
a considerable number of students from neighboring counties.

Due to

its exceptional a th le tic program, GRJC a ttra c ts a number of o u t-o f-s ta te
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students.

Because of the school's "downtown" location , the stu

dent body must be considered a commuter type of population.

Approxi

mately 88% of the students commute to school, with the remainder
residing in nearby apartments, as GRJC does not provide any housing
f a c ilit ie s fo r its students.
GRJC has always had a high percentage of its students (about
50% currently) transfer to senior in s titu tio n s upon the completion
of the two-year program.

The m ajority of these transfer students

complete th e ir education at Western Michigan U n iversity, Michigan
State University, or the University of Michigan.

In the past decade

there has been a very noticeable and delib erate increase in the number
of terminal and vocational programs a t this two-year school.

In spite

of this trend, about 50% of the student body transfers to other
senior in s titu tio n s .

The tra d itio n a l approach to biology instru ction

is used at this college.
8.

Western Michigan U n iversity (abbreviation - WMU w ill be

used in the remainder o f this paper to designate this school) is
located in Kalamazoo, Michigan.

The au d io -tu to rial form of biology

instru ction is used here.
WMU ranks fourth in Michigan in number of students, d iv e rs ity ,
complexity and level of programs, and has a current enrollment of
over 21,800 students.
of preparing teachers.

The school was founded in 1904 fo r the purpose
The f i r s t graduate work was offered in 1939

with doctoral programs f i r s t being offered in the f a l l of 1966.

WMU

was authorized as a U n iversity in 1956 and received autonomy with its
own eight-member Board of Trustees, appointed by the governor of the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

state in 1963.

The U n iversity grants Bachelor's Degrees in A rts,

Business Adm inistration, Music, Science and Science in Engineering
( In d u s tria l).
Degree.

There are f i f t y - f i v e programs which lead to a Master's

Advanced graduate degrees include:

S p ecia list in Arts (in

seven subject matter areas); S p ecia list in Education; Doctor of Edu
cation in Educational Leadership; Doctors of Philosophy in Chemistry,
Mathematics, Science Education and Sociology.

The annual survey of

the American Association of Colleges fo r Teacher Education shows
WMU ranks as the second largest producer of i n it i a l teacher c e r t i f i 
cates in the country.

Thus, from the school's inception, the prepar

ation of teachers has always been a very dominant program.
As fo r the student body, 93.1% are residents of the State of
Michigan.

Approximately 38% of the to ta l enrollment liv e in the

southeastern area of Michigan whereas about 56% liv e in Southwestern
Michigan.

The remaining students come from the northern sectors of

the s ta te , other states and foreign countries.

About one-third of

the student body is housed in the residence h a lls , meaning about 66%
are clas s ifie d as commuters.

However, a very high percentage of these

la t t e r students reside in the numerous apartment complexes near the
campus.
Lim itations
1.

This study is lim ited to GRJC and WMU undergraduate non

science major biology students; therefore, generalizations to other
in s titu tio n s and other subject matter areas might not be v a lid .
2.

This study is , by necessity, re s tric te d to those behaviors
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th at can be measured.

There are always those variables that cannot

be accurately measured and a n a ly tic a lly specified.
3.

Novak (1969) suggested comparative studies need more serious

consideration of the time i t takes fo r the e ffe c tiv e assim ilation
of knowledge and concepts.

I t was possible to study this time variable

in an a u to -tu to ria l program, because the students keep a record of the
time they spend in the laboratory on each u n it.

But i t was impossible

to study this time facto r in a conventional teaching s itu a tio n .
Therefore, this concept was not included in this study.
Course Description and C rite ria fo r Population Selection
at Grand Rapids Junior College
The population of students at GRJC consisted of a ll of the stu
dents enrolled in the Biology 101 course.

The students' schedule for

this four-sem ester-credit-hour course consisted of three hours of
lecture and two two-hour laboratory sections per week.

Biology 101

is a general biology course designed fo r the non-science major.

How

ever, should a student become motivated and evidence satisfa cto ry
results upon completion of this course, there is l i t t l e or no problem
in substituting this course fo r some other introductory course in
the prescribed curriculum fo r a biology major or minor.

This course

was designed to meet a ll requirements of transfer to a lib e ra l arts
curriculum in another school.
In the f a l l semester of 1970 there were a to ta l of eleven lec
ture sections and seventeen laboratory sections.

During the same

semester there were also two evening classes, which were not included
in this study.

Most of these evening students were not c la s s ifie d as
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fu ll-tim e students due to outside work loads, and th e ir average age
was somewhat higher than that of the daytime enrollment.

The maximum

number of students in lecture sections was th ir t y - s ix ; whereas twentyfour is the maximum load in a laboratory.

There were six d iffe re n t

instructors who were involved with both lecture and laboratory sections
and one additional in stru cto r who was responsible fo r a single labora
tory section.

A ll of the instructors involved with Biology 101 had

daytime teaching loads of fourteen, fifte e n or eighteen hours, depend
ing upon th e ir p a rtic u la r combination of lecture and laboratory sect i ons.
The laboratory serves as the organizational hub fo r this course.
Regardless of the laboratory section, a ll sections did the same exer
cises.

I t was not necessary fo r a student to have the same instru cto r

fo r both lecture and laboratory.

In lectu re, an instru cto r was free

to develop and present m aterial as he chose.

However, a ll lecturers

attempted to coincide the m aterial they presented with that being
presented in the laboratory.

Laboratory exercises were the same for

two days of the week, whereas on two other days the exercises were
e ith e r a continuation of those begun in the e a r lie r part of the week
or a new exercise.

In add itio n, the laboratories were open one other

day a week fo r the convenience of the students.

The students could

use this time fo r review, completing an exercise which they may not
have finished , or fo r making up exercises missed due to an absence.
The laboratory exercises were designed and developed by the Biology
101 s t a f f.
A l i s t of the topics included in this course follows:
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1.

The cell - its structure and function.

2.

Some chemical and phsyical laws, forces and phenomena

3.

The organization and structure o f liv in g things -

4.

The a c tiv itie s of liv in g things - such concepts as

and th e ir relatio n to liv in g things.

th e ir s im ila r itie s as well as d iv e rs itie s .

resp ira tio n , photosynthesis, reproduction, growth and
development, and behavior.
5.

Adaptation of liv in g things which involves the d is c i
plines of genetics and evolution.

6.

The ecological relationships of liv in g things.

One of the reasons that the two courses taught at the two d i f f e r 
ent colleges could be compared was because of the s im ila r itie s o f th e ir
content.

These same basic biological principles and concepts were

also presented at WMU.
The determination o f the student's fin a l grade was based upon
the following percentage scale:
90-100%

A

80-89%

B

65-79%

C

55-64%

D

54% and below

E

The lecture and laboratory parts of the course counted as f i f t y percent
each.

In the laboratory, the students took fiv e exams during the

semester, the lowest grade of which was dropped.

In le c tu re , the
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student took e ith e r four or fiv e exams, depending upon the lecture
instru cto r.

I f they took f iv e lecture exams, i t was common practice

to omit the lowest score.

However, this phtlsophy did not pertain

to those lecturers who gave only four lecture exams.
A to ta l o f 394 students were enrolled in the Biology 101 course
in the f a l l semester at GRJC.

Like most community colleges, GRJC

has an "open-door" po licy, whereby most applications are accepted
regardless of th e ir performances in high school.

Sim ilar to other

introductory science courses, Biology 101 is quite a rigorous course.
The drop-out rate is f a i r l y high - higher than the drop-out rate
in sim ilar courses in four-year colleges.

The reason fo r this is

that the senior in s titu tio n s ' entrance requirements are higher and
they do not operate under an "open-door philosophy regarding ad
mission.

The number of students who completed Biology 101 was 318.

Course Description and C rite ria fo r Population Selection
at Western Michigan U niversity
The population of students at WMU consisted of a ll of the stu
dents enrolled during the winter semester in the course Biological
Science 107, which is also a four-sem ester-credit-hour course.

Like

the tra d itio n a l course at GRJC, this course is designed fo r the non
science major and substitutes on an equal basis, upon satisfacto ry
completion, with the introductory biology course in the curriculum
prescribed fo r the biology major.

Biological Science 107 is offered

by the College of General Studies at Western Michigan U n iversity,
not by the Biology Department.
Biological Science 107 u tiliz e d the au d io -tu to rial approach.
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The laboratory has th ir t y - s ix individual booths or study c arrels,
each of which is equipped with a tape recorder-player, microscope,
and projection equipment.

Also present in the laboratory are four

demonstration areas and a supply table which are used to provide
m aterials fo r experiments or information in a multi-media fashion.
The la tt e r consists of demonstrations, organized graphic media,
special readings, film s trip s and 8 mm. concept film loops.

The lec

ture hall has a seating capacity of 325 and is used fo r the general
assembly sessions, which are held twice a week.

There were three

general assembly sections during this school semester.

Three d i f 

fe re n t senior s ta f f members are responsible fo r each of the general
sessions.

One of the weekly sessions was used fo r orientation and

discussion of the m aterial being presented in the independent study
session, namely, the au d io -tu to rial laboratory.
assembly

The second general

session meeting was used fo r administration of the weekly

quizzes over the previous week's un it of study.

The course consisted

of th irteen units of study.
The content of the m aterial presented during the independent
study session is ess e n tia lly the same as that lis te d e a r lie r in
this chapter fo r GRJC.

This fa c t made this study more fe a s ib le .

The

laboratory units ran fo r a f u ll week, and the laboratory was a v a il
able to the students fo r sixty-one hours per week.
The determination of fin a l grade was based on the following
c r ite r ia .

A to ta l of thirteen unit quizzes were given, each having

a twenty-point value.

The lowest score was elim inated.

Also, each

student was given a ten-point bonus i f he or she turned in an
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Id e n tific a tio n photograph, by a p a rtic u la r deadline.

Thus, a to ta l

of 250 possible points was used as the fig u re fo r computing the
fin a l le t t e r grades.
90-100%

A

80-89%

B

70-79%

C

60-69%

D

59% and below

E

The only difference between this grading scale and that used at GRJC
is the range fo r the "C" grade.

At GRJC i t was expanded to include

fifte e n percentage levels rather than the ten used at WMU.

One may

reason that this equates with the ten-point bonus WMU gives the
student.
A to ta l of 294 students enrolled in the Biological Science 107
course during the w inter semester at WMU.

The number who finished

the course was 269.
Procedure
. The populations from the two colleges were considered from
four viewpoints.

F ir s t, a ll of the partic ip atin g students from

both colleges, namely, 259 from GRJC and 136 from WMU, from whom
complete sets of data were obtained, were compared.

The difference

in to ta l sample size and the number of students who completed the
course was attributed to absences of some students on the days the
data vere collected.

A complete set of data consisted of two question

naire forms, a pre- and p o s t-attitu d e scale (see Appendix pages 121-6)
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and a pre- and p ost-test of achievement.

From the two unequally

sized populations, a to ta l of 131 matcfied-paired groups were ob
tained, one GRJC student being matched with one student from WMU.
I t was not feasib le to match fiv e of the WMU students with the re
maining unmatched ones from GRJC, due to the in a b ility to match
th e ir ch a ra cte ristics .

The c r ite r ia upon which the matched-pairing

was based is presented in the subsequent section of this chapter,
"Analysis and S ta tis tic a l Techniques."

The matched-paired group

comprises the second aspect of the sample.

Upon observations of the

differences between the pre- and post-achievement scores, i t was
found that in 39 instances of these 131 matched-pairings, the post
test score was lower than the p re-te st score.

Therefore, the to ta l

matched-paired group was subdivided into what was designated as
the "'A' matched-paired group" whose p os t-te st scores were higher
than or equal to th e ir p re -te s t scores and the " ’B1 matched-paired
group" whose post-test scores illu s tra te d the opposite resu lts.
These were the th ird and fourth ways in which the sample was viewed.
The type of data collected from the two populations was
same.

the

The only difference was that the data were collected in the

Fall Semester 1970 at GRJC and in the Winter (second) Semester 1971
at WMU.

At GRJC the questionnaires were completed in the lecture

sections, and the achievement tests and a ttitu d e scales were admin
istered during the laboratory periods.

The general assembly session

at WMU was the period of time used to c o lle c t a ll of the data from
the students.

Pre-tests and early student information were obtained

from the students during the f i r s t two weeks of class.

The post-test
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data were acquired during the la s t scheduled week of classes, ex
cluding GRJC's fin a l examination schedule.

Facts concerning the

questionnaires, the achievement te s t and the a ttitu d e scale are
discussed in the next section, "Instrum entation."

Due to the greater

amount of "freedom" the students at WMU had with respect to th e ir
attendance at the general assembly sessions, a considerable number
of student data sets were not completed.
Instrumentation
The students were administered questionnaires that sought
information including Cl) names, (2) lecture or general assembly
sections, (3) curriculum, (4) year in college, (5) school address,
(6) home address, (7) high school attended, (8) year graduated from
high school, (9) science background in ju n io r high school and senior
high school - that is , which courses were taken and the number of
semesters enrolled in that course, (10) math background - sim ilar
information as that given fo r science background, (11) math courses
taken in college, and (12) science courses taken in college.
A follow-up questionnaire administered at the end of the course
sought information including the follow ing:

(1) name, (2) student

number, (3) sex, (4) age, (5) home address, (6) high school attended,
(7) year graduated, (8) high school c la s s ific a tio n s iz e , (9) size
of graduating class, (10) to ta l number of c re d it hours carried during
current semester, (11) courses presently taking, (12) courses dropped
and why, (13) outside employment and i f so, about what percentage
of the semester and how many hours per week, (14) major f ie ld ( s ) of
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study, (15) minor fie ld s of study, (16) occupational decision,
(17) future in biology - taking any more biology courses, (18) amount
of study outside of class w ith respect to biology, (19) fin a l grade
expected in course, and (20) fin a l grade each student honestly believed
he deserves.

Samples of both questionnaires appear in the Appendix.

The instrument used to measure achievement in biology was the
Cooperative Science Test - Biology, Form B, by Educational Testing
Services, Princeton, New Jersey.

The Cooperative Science Biology

Test contains five-ch oice items.

The test consisted of two parts,

each having s ix ty items and a time lim it of fo rty minutes.

Part 1

dealt with general and human biology, and Part 2 was concerned with
the d iv e rs ity of l i f e .

The appropriate grade levels fo r which these

tests were designed were grades 10-12.

The following table indicates

the c la s s ific a tio n and d is trib u tio n of items on each part of the
biology te s t, Form B.
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Table I
Item Content C lass ifica tio n

Biology, Form B:

Part I
S k ill

Subject Matter

A pplication,
Analysis,
The Nature of L ife
and of Science

1 item

The Cell

3 items

Characteristics o f L ife

6 items

5 items
6 items
10 i terns

Heredity and Change
Anatomy and Physiology
N u tritio n , Hygiene
and Disease

14 items

3 items

7 items

3 items

1 item

1 item

Part I I
S k ill

Subject Matter

Application,
Analysis,
1 item

C lassifications
Major Plant Groups

1 item

Major Animal Groups

2 i terns

Ecology & Conservation
D istin ctive Character
is tic s o f Typical Forms
Anatomy of
Typical Forms
Life Cycles of
Typical Forms
Physiology of
Typical Forms

4 items

1 item
3 items

4 items

5 items
2 items

6 items

3 items

2 items

2 items

1 i tern

8 items

3 items

1 item

11 items

The norms fo r this te s t were established in 1963 using data from 107
high schools fo r grades 10-12.
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The tests' r e l i a b i l i t i e s , a measure o f th e ir internal consis
tency, were computed by using the Kuder-Richardson Formula 20.

These

r e l ia b i l it ie s and th e ir associated standard errors o f measurement
were obtained from subsamples selected randomly from the norms groups
(see Table I I ) .
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The Cooperative Science Tests handbook (1964) indicated that these
r e l ia b i l it ie s were computed fo r groups selected from many schools
and, as such, were overestimates of the r e l ia b i l it y to be obtained
fo r a more homogeneous group within a single school.

Therefore,

te s t users are encouraged to compute r e l ia b i l it ie s fo r th e ir own
groups.

This la s t recommendation was not deemed necessary fo r this

p a rtic u la r study.
An important ch a ra cte ristic of a test is i t s effectiveness in
discrim inating between high and low a b ilit y individuals.

The d i s t r i 

bution of b is e ria l correlations between each item and to ta l test
score provides a measure of this te s t's a b ilit y to discrim inate
(Table I I I ) .
Table I I I
Item Discrim ination Characteristics

Item-Total Score
B iserial Correlations
Biology
Test

Grade

Mean

S.D.

Part I

B

10-12

.39

.13

Part I I

B

10-12

.46

.10

Form

These mean b is e ria l c o rrelatio n s, as compared with those of science
tests in this series, appeared to be at a rather uniformly high le v e l.
This indicates good discrim inatory power for a ll the tests in the science
s e rie s .
The information in the te s t handbook indicated th a t, in the case
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of the Biology Tests only, speededness^ was regarded as a re la tiv e ly
unimportant facto r.

The test developers and researchers concluded

this on the basis of the following information (Table IV ):
Table IV
Percentages of Students Answering the Last Item and
Reaching the Three-Quarter Point in Each Test
Biology
Test

Answering
Last Item

%

Form

Grade

%

Reaching ThreeQuarter Point

Part I

A

10-12

96.0

Part I I

A

10-12

98.4

98.8

Part I

B

10-12

92.9

100.0

Part I I

B

10-12

93.3

99.8

100.0

The A ttitude Toward any School Subject a ttitu d e scale by Silance
and Remmers was the instrument used to measure the students' attitu d e s .
This 45-item , Thurstone-type scale has two equivalent forms.
was used in this study.

Form A

A sample of this scale is in the Appendix.

The exact population upon which this scale was constructed was
uncertain, but i t was apparently developed using a large sample (several
thousand) high school and college undergraduate students (Shaw and
Wright, 1967).

The in d iv id u a l's score was the median of the scale

value of the items endorsed by the student.
The authors reported equivalent-form r e l ia b i l it ie s ranging from
.81 to .90, using both high school and college students and also using

1__________ , Cooperative Science Tests Handbook, 1964. Educational
Testing Service, Princeton, New Jersey, p. 64: "the percentage of stu
dents who answered the la s t item in the te s t and the percentage of
students who reached a point three-quarters o f the way through the te s t."
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d iffe re n t school subjects as a ttitu d in a l referents.

Ferguson (1952)

cited the r e l ia b i l it ie s fo r the following courses as being:

biology,

.81 (N=269); chemistry, .70 (N=771); English, .68 (N=705); and mathe
matics, .74 (N=579).

I t was because of the high r e l ia b i l it y with

biology students that th is p a rtic u la r a ttitu d e instrument was chosen.
The Si lance and Remmers attitu d e scale was assumed to have ade
quate content v a lid it y .

Bolton (1938) validated this scale using

c rite rio n groups measured fo r interests and values.

In his study,

the subject group consisted o f students in mathematics.

Strunk (1957)

had offered some evidence of concurrent v a lid it y , obtaining a correla
tion of .39 between this scale and scores of 130 subjects on a graphic
rating scale of expression of in te re s t in a psychology course.

He

did not obtain an expected relationship between a ttitu d e toward psy
chology, as measured by this scale, and judgments of reading ease
o f psychology course textbooks, as measured by a graphic rating
continuum.

This la tt e r re s u lt might be considered to detract some

what from the v a lid ity of the scale or might be explained on the basis
of the general reading a b ilit y on the part of his subjects.
Permission was granted to this w rite r by Purdue Research Founda
tio n , Lafayette, Indiana,

fo r reprinting this copyrighted attitu d e

scale.
Analysis and S ta tis tic a l Techniques
Most of the information from the questionnaires served as c r ite r ia
for matched-pairing.

Since the population was composed of students from

two schools that were quite d iffe re n t with respect to the admission
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requirements, i t was deemed necessary to control fo r as many variables
as possible.

The information from the questionnaires, together with

the pre- and post-achievement and a ttitu d e scores and the students'
high school grade-point averages and college entrance exam scores were
converted into Fortran computer language.

The high school GPA's and

the entrance exam scores were obtained from the Admissions Offices at
the two schools.

The w rite r learned la te r that the entrance exam

scores could not be used appropriately fo r computing co e fficients of
co rrelatio n .

WMU used the American College Test (A .C .T.) and GRJC

used the Comparative Guidance and Placement Program (C .G .P .).

There

fo re , these data were not used.
The following l i s t includes the c r it e r ia , in hierarchical order,
and the lim its and exceptions to these within which the w rite r selected
the subjects fo r the matched-paired group:
C rite ria

Limits

Number of Exceptions

1.

Sex

the same

none

2.

Year in college

the same

Two junior males from WMU
matched with sophomores from
GRJC. Three sophomore females
from WMU with freshman females
from GRJC

3.

High school
grade-point
average (GPA)

0.10

Eight instances with the widest
range being 0.34

4.

Age

1 year difference

Ten cases with the greatest
difference being 19 yrs.

5.

High school
cla s s ific a tio n
size

one c la s s ific a tion size

Sixteen exceptions consisting
of two c la s s ific a tio n size
differences

6.

Credit hours
carried

no lim ita tio n

Seven instances where the d i f f e r 
ence was greater than four hours
with the greatest being ten
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C rite ria

Limits

Number o f Exceptions

7.

Final grades

one grade level

Seventeen exceptions with the
largest difference being 3
levels

8.

Hours of
employment

no lim ita tio n

Not determined

In addition to these c r it e r ia , other fa c to rs , such as, cu rric u la ,
majors, and hours of study outside of class, were considered fo r
matched-pairing.

However, these la s t c r ite r ia were only considered

a fte r the f i r s t seven characteristics were thoroughly examined.

It

should be obvious that the more c r ite r ia used to establish the matched
p a irs , the less lik e ly the chance of locating two people having the
same ch a ra cte ristics .

This explains why fiv e of the students from

WMU could not be matched with students from GRJC.
The lim itatio n s in selecting the matched pairs were a r b itr a r ily
set to allow fo r some discrepancies and differences, but at the same
tim e, to maintain controls.

In the examples c ite d , where the extreme

differences existed and were accepted, a ll the other c r ite r ia were
matched w ithin the established lim its .
Regarding the s ta tis tic a l analysis of the collected data, a very
d is tin c t facto r became evident - s p e c ific a lly , that the post-test
scores were lower when

compared to the p re-te st scores of the "B"

matched-paired groups.

Because of this obvious warning signal, i t

becomes highly questionable as to the v a lid ity of any s ta tis tic a l
treatment.

I t was apparent that some other uncontrollable fa c to r,

which was not measured or id e n tifie d , was operating p a rtic u la rly w ith
in the population fromWMU.

Thus,

any of the other samples may be

any s t a tis tic a l inferences made to
r ig h tfu lly questioned.

The reasonwhy
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extreme caution must be taken regarding s ta tis tic a l inferences is
that whatever u n id en tifiab le fa c to r seemed to be operating, and which
was esp ecially evident in the group designated as the "B" matchedpaired group, this same fa c to r may also have been operative in the
to ta l populations, as well as in the "A" matched-paired group.

These

la tt e r two groups, however, did not e x h ib it any overt evidence of this
facto r.

One has to consider that th is fa c to r was existen t and its

presence was evidenced by a s ig n ific a n t number of students.
Nevertheless, the follow ing s t a tis tic a l tests were used to
analyze the data.

A " t " te s t was applied to the differences between

pre- and post-achievement and a ttitu d e measurements of the to ta l popu
lations from WMU and GRJC.

Another "t" te s t was also applied to the

pre-tests between the two schools, as well as to th e ir post-tests,
with respect to the achievement and a ttitu d e tests.

The formula applied

took cognizance of the fa c t that the population sizes were not equal.
A correlated sample "t" te s t was applied to the matched pairs in two
difference application s, the "A" matched-paired group only and the
to ta l matched-paired group.

This s ta tis tic a l te s t was applied to

the results of the achievement and a ttitu d e measurements according to
the same three dimensions as the "t" te s t fo r the to ta l populations.
A Chi-square te s t was used to te s t the significance of differences
between WMU and GRJC students placed in the to ta l matched-paired
groups because the p o st-test achievement scores were lower than th e ir
pre-te st scores.
Because there is some question of the confidence one may put in
the s ta tis tic a l inferences applied in this study, this study is e ss en tially
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descriptive.

The follow ing in te rrelatio n sh ip s were examined and corn-

paired fo r the two colleges:

(1) fin a l grade d is trib u tio n , (2) fin a l

grade d is trib u tio n in re la tio n to sex, (3) fin a l grade d is trib u tio n
in re la tio n to year in college, (4) fin a l grade d is trib u tio n in re la 
tion to sex and year in college, (5) the relationsh ip between sex and
year in college to the number of c re d it hours carried , (6) the re la 
tionship between sex, year in college and the number of hours of
outside employment, (7) high school size c la s s ific a tio n d is trib u tio n ,
(8) high school grade-point average d is trib u tio n s , (9) the relatio n
of sex and fin a l grade to the number of cre d it hours carried , (10) the
re la tio n of sex and fin a l grade to the number of hours of outside
employment, (11) the re la tio n of sex and the number of hours of out
side employment to the number of c re d it hours carried , (12) the r e la 
tion of sex and high school grade-point average to the fin a l grade,
(13) the re la tio n of sex and fin a l grade to the post-test a ttitu d e
and achievement scores, (14) the re la tio n of sex and high school
grade-point average to the p re -te s t a ttitu d e and achievement scores.
Many of these in te rre la te d student variables were also used as the
c r ite r ia upon which the matched-pairing technique was based.
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CHAPTER IV
FINDINGS AND ANALYSIS
The purposes of th is chapter are to describe the s ta tis tic a l
analyses of (1) the descriptive data that are lis te d in the previous
chapter, and (2) the scores obtained on the achievement tests and
a ttitu d e scales.
Descriptive S ta tis tic s
The following section involves information obtained from the
to ta l of 395 subjects.

Since 318 students from GRJC and 269 stu

dents from WMU completed the two biology courses at th e ir respec
tiv e colleges, i t was found that the number of incomplete sets of
data was one-third of the origin al number of the to ta l population.
Some of the difference was explained previously as due to absenteeism.
However, in add itio n, the w rite r was unable to obtain grade-point
averages fo r 23 high school students, thus elim inating these subjects
from the population.

I t w ill also be observed that of the population

completing the course at WMU, 33 fa ile d or dropped from the course,
and consequently, th e ir data were not used,, since complete data were
not available fo r them.

From GRJC's population, 109 students fa ile d

or dropped from the course, but of these the w rite r was able to obtain
14 complete sets o f data that were used in the analysis.

Most of the

students in the f a ilin g category were aware of th e ir academic s itu a 
tions near the semester's end, and the m ajority were not present at
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the time when the post-tests were administered,

Consequently,

th e ir scores were not included in the analysis.
The following tables illu s t r a te the fin a l grade d istributions
with the number and percentages of students receiving those grades
in each level.
Table V
Final Grade D istrib u tio n of A ll the Students Enrolled
in the Two Respective Biology Courses a t WMU and GRJC

Final
Grade

WMU
NumBer
of Students

Percentage

GRJC
Number
of Students

Percentage

A

25

8.5

27

6.8

B

105

35.7

63

16.0

C

105

35.7

155

39.3

D

26

8.9

44

11.2

E

8

2.7

29

7.4

25

8.5

76

19.3

294

100.0

394

100.0

Dropped
Total
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Table VI
Final Grade D istrib u tio n of A ll Students with Complete Sets of Data
WMU
Final
Grade

Number
of Students

GRJC
Percentage

Number
of Students

Percentage

A

17

12.5

26

10.0

B

62

45.6

55

21.2

C

50

36.8

133

51.4

D

7

5.1

31

12.0

E

0

0.0

14

5.4

136

100.0

259

100.0

Total

Table V II
Final Grade D istrib u tio n of the Matched-Paired Students
Selected from the Population with Complete Sets of Data
GRJC

WMU
Final
Grade

Number
of Students

Percentage

Number
of Students

Percentage

A

17

13.0

17

13.0

B

58

44.3

33

25.2

C

49

37.4

63

48.1

D

7

5.3

15

11.4

E
Total

0

0.0

3

2.3

131

100.0

131

100.0

The remaining tables show data fo r students fo r whom complete
sets of data were available and the students in the matched-paired
group.

Only percentages are lis te d , based on the following population

sizes:
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WMU = 136 students (complete sets of data)
GRJC = 259 students (complete sets of data)
These two groups are designated h ereafter as "a ll the students."
The matched-paired group consists of 131 students from each
school and is designated as the "matched group."
The d is trib u tio n of fin a l grades categorized according to sex
is illu s tra te d in Tables V III and IX.
calculated as an e n tity .

Each sex at each school was

At WMU the to ta l population consisted of

51 males (37.5%) and 85 females (62.5%).

The percentage of males

at GRJC (114) was 44.0% and fo r females 56.0% (145).

The sex d i s t r i 

bution fo r the matched group consisted of 50 males (38.2%) and 81
females (61.8%) from each school.
Table V I I I
Final Grade Percentage D istrib u tio n Classified
According to Sex and In s titu tio n fo r A ll Students
Mai e
Final Grade

WMU

Female
GRJC

WMU

GRJC

A

10.0

8.8

14.0

11.0

B

42.0

18.4

47.7

23.5

C

42.0

55.2

33.7

48.3

D

6.0

12.3

4.6

11.7

E

0.0

5.3

0.0

5.5
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Table IX
Final Grade Percentage D istrib u tio n C lassified
According to Sex and In s titu tio n fo r the Matched Group
Female

Male
Final Grade

WMU

GRJC

WMU

GRJC

A

10.2

9.8

14.5

14.8

B

42.9

21.6

45.8

27.2
45.7

C

40.8

52.9

34.9

D

6.1

13.7

4.8

9.8

E

0.0

2.0

0.0

2.5

Tables X and XI contain the fin a l grade percentage distrib u tio n s
categorized according to the students' year in college.

GRJC, being

a community college, levels beyond the sophomore year were non-existent.
However, a few students had exceeded the maximum number of cre d it
hours fo r sophomore standing and were clas s ifie d at GRJC as post
graduates or were considered to have ju n io r class status in this study.
The follow ing l i s t shows the d is trib u tio n of students at WMU and GRJC
regarding class status:
WMU
102 Freshmen - 75%
24 Sophomores - 17.7%
9 Juniors - 6.6%

GRJC
210 Freshmen - 81.1%
44 Sophomores - 17.0%
5 Juniors - 1 . 9 %

1 Senior - 0.7%
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The d istributions of grades fo r students in the matched groups
at d iffe re n t class levels from WMU and GRJC follow :
WMU

GRJC

101 Freshmen - 77.1%

106 Freshmen - 80.9%

24 Sophomores - 18.3%

22 Sophomores - 16.8%

6 Juniors - 4.6%

3 Juniors - 2.3%
Table X

Final Grade Percentage D istrib u tio n C lassified
According to Class Level fo r A ll Students
WMU
Final
Grade

Freshman

A

9.6

Sophomore
2.9

GRJC
Junior*

Freshman

0.0

9.7

Sophomore
0.0

Junior
0.4

B

34.6

8.1

2.9

17.4

3.5

0.4

C

27.2

5.1

4 .4 *

40.5

10.0

0.8

D

3.7

1.5

0.0

10.0

1.9

0.0

E

0.0

0.0

0.0

3.5

1.5

0.4

*includes one senior
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Table XI
Final Grade Percentage D istrib u tio n Classified
According to College Class Status fo r the Matched Group
GRJC "

WMU
Final
Grade
A

Freshman
9.9

Sophomore
3.0

Junior
0.0

Freshman

Sophomore

Junior

12.9

0.0

0.0
0.8

B

34.9

8.3

1.5

18.9

5.2

C

28.0

5.3

3.8

37.1

9.8

1.5

D

3.8

1.5

0.0

10.6

0.8

0.0

E

0.0

0.0

0.0

0.8

0.8

0.8

Tables X II and X I II i llu s t r a te the percentage d is trib u tio n of
f in a l grades cla s s ifie d according to sex, in s titu tio n , and class
le v e l.
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Table X II
Final Grade Percentage D istributions fo r A ll Students C lassified
According to Sex, In s titu tio n and Class Level
Final
Grade

WMU
Fresh.

GRJC
Fresh.

Males
WMU
Soph.

GRJC
Soph.

WMU
J r .*

GRJC
J r.

WMU
Fresh.

GRJC
Fresh.

Females
GRJC
WMU
Soph.
Soph.

WMU
Jr.

GRJC
J r.

A

10.0

7.9

0.0

0.0

0.0

0.9

9.3

11.0

4.6

0.0

0.0

0.0

B

30.0

14.0

12.0

3.5

0.0

0.9

37.3

20.0

5.8

3.4

4.6

0.0

C

24.0

39.6

8.0

14.9

10.0*

0.9

29.2

41.4

3.6

6.2

1.1

0.7

D

2.0

9.6

4.0

2.6

0.0

0.0

4.6

10.3

0.0

1.4

0.0

0.0

E

0.0

2.6

0.0

2.6

0.0

0.0

0.0

4.1

0.0

0.7

0,0

0.7

♦Includes One Senior
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Table X I II
Final Grade Percentage D istributions C lassified According
to the Students' Sex, In s titu tio n and Class Level in the Matched Group

Final
Grade

WMU
Fresh.

GRJC
Fresh.

Males
GRJC
WMU
Soph.
Soph.

WMU
J r.

GRJC
J r.

WMU
Fresh.

GRJC
Fresh.

Fema,les
GRJC
WMU
Soph.
Soph.

WMU
J r.

GRJC
J r.

A

10.2

9.8

0.0

0.0

0.0

0.0

9.6

14.9

4.9

0.0

0.0

0.0

B

30.6

13.7

12.2

5.9

0.0

2.0

37.3

22.2

6.0

4.9

2.4

0.0

C

24.5

33.3

8.2

17.6

8.2

2.0

30.1

39.6

3.6

4.9

1.2

1.2

D

2.0

11.7

4.1

2.0

0.0

0.0

4.9

9.9

0.0

0.0

0.0

0.0

E

0.0

0.0

0.0

2.0

0.0

0.0

0.0

1.2

0.0

0.0

0.0

1.2

at
at

56
The mean numbers of hours o f cred it the students carried during
the semester in which they were enrolled in biology are presented in
Tables XIV and XV.
Table XIV
Mean Numbers of Hours of Credit for A ll Students
Categorized According to In s titu tio n , Sex and Class Level
Females

Males
School

Fresh. Soph.

J r .*

Mean
Hrs. for
Males

Fresh. Soph.

Jr.

Mean
Hrs. for
Females

WMU

14.91

14.42

14.80*

14.78

14.91

15.42

15.80

15.03

GRJC

14.50

14.07

13.33

14.37

14.40

14.00

11.50

14.30

*Includes One Senior

The mean number of to ta l cred it hours carried by WMU students
was 14.94 as compared with 14.33 mean cred it hours carried by GRJC
students.
Table XV
Mean Numbers of Hours of Credit fo r Students in the Matched Group
Categorized According to In s titu tio n , Sex and Class Level
Females

Males

Mean
Hrs. fo r
Females

J r.

Mean
Hrs. fo r
Males

14.42

15.00

14.80

14.94

15.42

15.33

15.02

13.93

14.00

14.59

14.72

14.12

11.50

14.58

School

Fresh. Soph.

WMU

14.91

GRJC

14.89

Fresh. Soph.

J r.

The mean number of to ta l cred it hours carried by the WMU stu
dents in the matched-paired groups was 14.94, whereas the students from
GRJC in this same group averaged 14.58 hours.
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Concerning the hours of employment, a fa r greater percentage
of students from GRJC were employed (75.7%) as compared with the
students from WMU (30.9%).

The following l i s t shows percentages of

students at the d iffe re n t class levels who were employed.
WMU

GRJC

28.4% Freshmen work

74.3% Freshmen work

33.3% Sophomores work

79.5% Sophomores work

50.0% Juniors work*

100% Juniors work

*Includes One Senior
Tables XVI and XVII illu s t r a te the mean hours of student em
ployment per week c la s s ifie d according to sex, in s titu tio n and class
le v e l.
Table XVI
Mean Numbers of Hours of Employment per Week Classified
According to Sex, In s titu tio n and' Class Level of A ll Students
Males
School

Fresh. Soph.

J r .*

Females
Mean
Hrs. for
Males

Fresh. Soph.

Jr.

Mean
Hrs. for
Females

WMU

25.83

2.575

17.00*

24.42

13.29

15.00

16.00

13.82

GRJC

22.07

23.39

22.00

22.42

18.96

18.00

29.00

19.04

*Includes One Senior

The mean number of to ta l hours of employment per week of the WMU
students was 18.62 and fo r the students at GRJC, 20.54.
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Table XVII
Mean Numbers of Hours of Employment per Week
fo r Students in the Matched Group C lassified According
to In s titu tio n , Sex and College Class Level

Females

Males
School

Fresh. Soph.

J r.

Mean
Hrs. for
Males

Fresh. Soph.

J r.

Mean
Hrs. for
Females

WMU

25.83

25.75

21.50

25.33

13.29

15.00

16.00

13.82

GRJC

22.32

20.07

22.00

21.54

17.74

17.75

29.00

18.12

The mean number of to ta l hours of employment per week by the
students in the matched group from WMU was 18.87 and from GRJC, 19.52.
There are four cla s s ific a tio n s of high schools in the State of
Michigan according to student pODulation.

The following ranges fo r

the number of students enrolled are used to determine the c la s s ific a 
tions.
Class A = 1200 and more
Class B = 550 to 1199
Class C = 300 to 549
Class D = 299 and less
Tables
students

X V III and XIX show the percentage d is trib u tio n of the

in this investigation in the d iffe re n t classes

of high

schools.
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Table X V III
Percentage Distribu tions fo r A ll Students In
the D iffe r e n t:Glasses of High Schools
High School
Size

WMU

GRJC

A

36.8%

50.6%

B

37.5%

36.7%

C

16.9%

7.7%

D

8.8%

5.0%

Table XIX
Percentage D istribu tions fo r Students in the Matched Group
In the D iffe re n t Classes of High Schools
High SchooT
Size
A

WMU'

GRJC

37.1%

48.5%

B

37.9%

40.9%

C

16.7%

7.6%

D

8; 3%

3.0%

The students' grade-point average (GPA) from high school was
one of the major c r ite r ia used in matched-pairing students, since
th e ir college entrance examinations were not appropriate fo r s ta tis 
t ic a l analysis.

Tables XX-XIV contain summaries of the d istributions

of the students from the two colleges, in various GPA categories,
c la s s ifie d according to sex and high school grade-point averages.
The GPA's were based on a four-p oin t scale.

A 4.00 is equivalent to

an "A", a 3.00 to a "B", a 2.00 to a "C", and a 1.00 to a "D".
GPA range at WMU was from a 1.50 to a 4.00.

The

At GRJC the range was
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from 1.20 to a 4.00 fo r the students involved in this study.

The

mean GPA's were calculated from the raw data and not from grouped
data.
Table XX
Percentage D istributions of High School
Grade-Point Averages, for. A ll Students.
high School
Grade-Point Averages

WMU

GRJC

1.00 - 1.99

3.0%

9.7%

2.00 - 2.49

20.7%

27.8%

2.50 - 2.99

35.5%

35.5%

3.00 - 3.49

30.4%

19.3%

3.50 - 4.00

10.4%

7.7%

2.82

2.59

Mean GPA
Table XXI

Percentage D istrib u tio n of High School Grade-Point
Averages fo r the Matched Group
High School
Grade-Point Averages

WMU

GRJC

1.60 - 1.99

2.3%

2.3%

2.00 - 2.49

21.2%

19.7%

2.50 - 2.99

36.4%

38.6%

3.00 - 3.49

29.5%

29.5%

3.50 - 4.00

10.6%

9.9%

2.82

2.81

Mean GPA
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Table XXII
Mean High School Grade-Point Average of A ll Students
C lassified According to Sex and In s titu tio n
Schoo1

....

• Male

~

Female

WMU

2.58

3.02

GRJC

2.39

2.84

Table X X III
Mean High School Grade-Point Average of Students in the
Matched Group C lass ified According to Sex and In s titu tio n
School

M ale” "

WMU

2.58

Female
3.00

GRJC

2.58

3.02

A comparison was made among the numbers of cre d it hours students
carried , th e ir sex and the fin a l grade they received in the course.
Tables XXIV and XXV contain these comparisons.
Another comparison was made among the numbers of hours of em
ployment per week fo r the students and th e ir sex and fin a l grade.
Tables XXVI and XXVII contain these comparisons.
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Table XXIV
The Mean Numbers of Hours o f Credit Carried by A ll Students
C lassified According to Sex, Final Grade and In s titu tio n
Male

Female
E

Male
Mean

A

B

C

D

12.67

0.0

14.49

15.42

15.49

14.07

14.21

12.83

14.37

15.00

14.09

14.23

A

B

C

D

WMU

15.00

15.33

14.48

GRJC

14.50

14.90

14.35

School

E

Female
Mean

16.25

0.0

15.04

15.00

13.25

14.04

The mean number of to ta l c re d it hours carried by a ll WMU students was 14.94, and
by a ll GRJC students, 14.18.
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Table XXV
The Mean Numbers of Hours of Credit Carried By the Matched
Group C lassified According to Sex, Final Grade and In s titu tio n
Male
School

A

B

WMU

15.00

GRJC

15.20

Fema’ e
E

Male
Mean

A

B

12.67

0.0

14.79

15.42

13.71

16.00

14.89

15.00

C

D

15.33

14.48

14.91

14.52

E

Female
Mean

16.25

0.0

15.02

15.25

14.00

14.58

C

D

15.50

14.07

14.23

14.54

WMU students in the matched group carried an average of 14.93 c re d it hours, and
students from GRJC, 14.70.
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Table XXVI
The Mean Numbers of Hours of Employment per Week fo r A ll Students
C lassified According to Sex, Final Grade and In s titu tio n
Male
School

Female

Further reproduction prohibited without permission.

A

B

WMU

22.50

26.80

24.09

20.00

0.0

GRJC

20.29

20.65

22.58

24.70

27.00

C

D

E

Male
Mean

A

B

C

D

24.42

7.67

12.62

19.33

15.00

22.41

15.00

17.96

19.27

21.21

Female
Mean

0.0;

13.83

25.80 19.04

The mean number o f hours of employment per week fo r a ll students was 18.62 fo r WMU
and 20.54 fo r GRJC.

E
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Table XXVII
The Mean Numbers of Hours of Employment per Week fo r the Matched
Group C lassified According to Sex, Final Grade and In s titu tio n
” Mal e

Femal e

A

B

C

D

E

WMU

22.50

26.80

25.70

20.00

0.0

GRJC

16.75

22.44

21.18

28.00

8.00

School

Male
Mean

E

Female
Mean

A

B

C

D

25.33

7.67

12.62

19.33

15.00

0.0

13.83

21.53

12.0Q

16.76

20.04

21.50

19.00

18.12

The mean numbers of hours of employment per week fo r a ll the students in the matched
group was 18.89 fo r WMU and 17.52 fo r GRJC.

66
In the follow ing two tables a comparison was made which took
in to account the students' sex, how many hours of c re d it they carried,
whether employed and i f so, how many hours a week they worked, grouped
into ten-hour segments.
Table XXVIII
The Mean Numbers of Hours of Credit Carried
by A ll the Students Classified According to
Sex, Employment Status and In s titu tio n
Females

Males
Hours of Employment

WMU

Not employed

15.38

GRJC

WMU

GRJC

14.59

15.24

13.94

1-10 hrs./w k.

14.50

14.83

15.80

15.07

11-20 hrs./wk.

13.75

14.03

14.44

14.67

21-30 hrs./w k.

14.25

14.52

11.25

13.95

31-40 hrs./w k.
More than 40/hrs./w k.
Means

12.00

14.20

0.0

12.50

0.0

12.00

0.0

15.00

13.47

14.30

14.76

14.44

For a ll students at WMU who were employed, the mean number of
hours carried was 14.18 and fo r unemployed students, 15.35.
analogous students at GRJC.

For

The mean numbers of hours were 14.38

and 14.22 respectively.
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Table XXIX
The Mean Numbers of Hours of Credit Carried by
the Students in the Matched Group Classified
According to Sex, Employment Status and In s titu tio n

Females

Males
WMU

GRJC

WMU

GRJC

Not employed

15.58

14.70

15.23

14.41

1-10 hrs./wk.

15.00

14.75

15.80

14.78

Hours of Employment

11-20 hrs./wk.

13.75

14.23

14.44

14.90

21-30 hrs./wk.

14.25

14.86

11.25

14.20

31-40 hrs./wk.

12.00

14.33

0.0

0.0

0.0

0.0

0.0

0.0

13.44

14.56

14.76

14.64

More than 40 hrs./wk.
Means

For students at WMU in the matched group who were employed, the
mean number of hours carried was 14.18 and fo r unemployed students,
15.35.

For analogous students at GRJC the mean numbers of hours were

14.61 and 14.50 respectively.
A comparison was made which c lassified the students' high school
grade-point averages according to th e ir sex and the fin a l grades they
received fo r th e ir biology classes.

Thus, data in Tables XXX and XXXI

i llu s t r a te the mean high school GPA's compared with the students' sex
and th e ir fin a l grades.

In calculating the mean GPA's, which were not

grouped, calculations were made from the raw data, as was the case fo r
Tables XX -XXIII.
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Table XXX
The Mean High School Grade-Point Averages fo r A ll the Students
C lassified According to Sex, Final Grades and In s titu tio n

Males
Final Grades
A

Fema les

WMU

GRJC

WMU

GRJC

3.12

2.53

3.31

2.55

3.13

3.12
2.73

3.42

B

2.71

C

2.39

2 *41

2,79

D

2.13

2.20

2.73

2.53

E

—

1.87

—

2.20

Means

2.58

2.39

3.02

2.84

,

Table XXXI
The Mean High School Grade-Point Averages fo r
Students in the Matched Group C lassified According
to Sex, Final Grades and In s titu tio n

Females

Males
Final Grades

WMU

GRJC

WMU
3.31

GRJC

A

3.12

2.64

3.39

B

2.71

2.80

3.12

3.20

C

2.44

2.53

2.79

2.88

D

2.13

2.40

2.73

2.82

E

—

2.27

—

2.32

Means

2.58

2.58

3.00

3.02
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The GPA means fo r a ll the students and fo r those in the matched
group are presented at the ends of Tables XX and XXI, respectively.
The next set of comparisons (Tables XXXII and X X X III) illu s tra te s
the c la s s ific a tio n between a ttitu d e scales administered at the end of
the course and the students' sex and fin a l grade.
Table XXXII
Mean Scores fo r A ll the Students on the Post-Attitude Scales
Classified According to Sex, Final Grade and In s titu tio n
Females

Mai es
Final Grade

WMU

GRJC

WMU

GRJC

8.10

8.38

8.01

7.64

8.13

7.74

7.52

7.47

8.60

7.85

6.13

7.44

E

—

6.87

Means

7.90

7.83

A

8.24

8.62

B

7.90

C

7.71

D

7.76
7.59

7.74

The mean fo r a ll p o s t-attitu d e scores c la s s ifie d according to the
students' sex and fin a l grade from WMU and GRJC were 7.70 and 7.78,
respectively.
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Table XXXIII
Mean Scores f o r Students In the Matched Group
on the P o s t-A ttitu d e Scales C la s s ifie d
According to Sex, F in a l Grade and I n s titu t io n
Males
Final Grade

WMU

Females
GRJC

WMU

"GRJC

A

8.24

8.64

8.10

8.36

B

7.90

7.81

7.72

8.21

C

7.95

7.35

7.52

7.40

D

8.60

7.97

6.13

7.30

E

—

5.80

Means

8.00

7.63

8.25
7.63

7.77

The mean fo r a ll the students from WMU on the p o s t-attitu d e scales
in the matched group was 7.77, and fo r the students from GRJC, 7.72.
Another comparison was made in which the mean scores on the
attitu d e scale administered at the beginning of each course were com
pared with the sex of the students and th e ir high school GPA's.

In

this analysis, the high school GPA's were grouped into six categories.
Tables XXXIV and XXXV show the relationsh ip between the p re -a ttitu d e
mean scores and the students' high school GPA's and sex.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

71
Table XXXIV
Mean Scores f o r A ll the Students on the
P re -A ttitu d e Scales C la s s ifie d According to
Sex, High School Grade-Point Averages and I n s titu t io n
Males
High School
GPA's
Less than 1.00
1.00 - 1.99

WMU

Females
GRJC

WMU

GRJC

—

—

—

—

7.15

8.16

---

8.48

2.00 - 2.49

7.79

7.77

7.91

7.82

2.50 - 2.99

7.75

8.13

7.65

7.98

3.00 - 3.49

7.53

8.30

8.19

8.07

3.50 - 4.00

8.33

8.45

8.16

8.41

Means

7.72

8.03

7.95

8.08

The mean score fo r a ll WMU students, both male and female, on
the p re -a ttitu d e scales was 7.87 and fo r analogous GRJC students, 8.43.
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Table XXXV
Mean Scores f o r the Matched Group on the
P re -A ttitu d e Scales C la s s ifie d According to
Sex, High School G rade-Point Averages and I n s t it u t io n
Females

Males
High School
GPA's

WMU

Less than 1.00

—

—

—

—

1.00 - 1.99

8.57

8.40

—

...
8.57

GRJC

WMU

GRJC

2.00 - 2.49

7.79

7.86

7.91

2.50 - 2.99

7.75

8.31

7.67

7.99

3.00 - 3.49

7.53

8.21

8.16

8.15

3.50 - 4.00

8.33

8.45

8.16

8.41

Means

7.82

8.10

7.93

8.13

The mean score for the students in the matched group on the pre
a ttitu d e scales fo r WMU students, both male and female was 7.89 and
fo r analogous GRJC students, 8.12.
Another comparison that p a ra lle ls the previous four comparisons,
involved the scores on the post-achievement t e s t, cla s s ifie d accord
ing to the students' sex and th e ir respective fin a l grades.

The scores

of the post-achievement tests are summarized and presented as mean
scores in Tables XXXVI and XXXVII.
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Table XXXVI
Mean Scores fo r ATI the Students on the Post-Achievement Tests
C lassified According to Sex, Final Grades and In s titu tio n
Males

Females

Final Grades

WMU

GRJC

WMU

GRJC

A

94.40

88.70

89.42

91.86
81.27

B

79.76

82.90

76.39

C

67.48

80.48

69.07

74.61

D

65.67

72.50

59.25

65.82

E

—

69.33

...

73.84

Means

75.22

80.08

75.04

75.74

The mean score

fo r a ll the WMU students, both male and female,

on the post-achievement tests was 75.11, and fo r analogous GRJC
students, 77.67.
Table XXXVII
Mean Scores fo r the Matched Group on the Post-Achievement Tests
Classified According to Sex, Final Grades and In s titu tio n
Mai es

Females

Final Grades

WMU

GRJC

A

94.40

86.80

89.42

92.80

B

79.76

82.45

77.63

83.27

C

66.95

79.48

69.07

73.03

D

65.67

71.86

59.25

65.63

E

...

70.00

...

51.00

Means

75.16

79.61

75.46

79.42

WMU

GRJC
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The mean score fo r the students in the matched group on the post
achievement tests fo r WMU students, both male and female, was 75.35,
and fo r analogous GRJC students, 79.50.
Tables XXXVIII and XXXIX contain mean scores on the pre-achieve
ment tests obtained by students, c la s s ifie d according to sex, high
school GPA and in s titu tio n .
Table XXXVIII
Mean Scores for A ll the Students on the Pre-Achievement Tests
C lassified According to Sex, High School GPA's and In s titu tio n
Males

Females

High School
GPA's

WMU

GRJC

WMU

GRJC

Less than 1.00

—

—

—

—

1.00 - 1.99

61.75

67.67

—

55.50

2.00 - 2.49

71.90

69.98

63.86

61.60
64.19

2.50 - 2.99

71.14

73.76

67.56

3.00 - 3.49

77.62

70.55

68.09

73.44

3.50 - 4.00

78.00

70.00

81.09

76.29

Means

72.17

70.87

69.21

67.34

The mean score fo r a ll the students from WMU on the pre-achievement
tests was 70.31, and for analogous students from GRJC, 68.90.
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Table XXXIX
Mean Scores fo r the Matched Group on the Pre-Achievement Tests
Classified According to Sex, High School GPA's and In s titu tio n
Males

Females

High School
GPA's

WMU

GRJC

WMU

GRJC

Less than 1.00

—

—

—

—

1.00 - 1.99

59.67

65.00

—

—

2.00 - 2.49

71.90

71.87

63.86

56.33
65.35

2.50 - 2.99

71.14

73.86

67.56

3.00 - 3.49

77.62

72.33

68.55

74.27

3.50 - 4.00

78.00

70.00

81.09

77.64

Means

72.24

72.02

69.41

69.99

The mean scores fo r students in the matched groups on the pre
achievement te s t from WMU, both male and female, was 70.46, and fo r
analogous students from GRJC, 70.77.
Tables XL through XLVI present some information that was useful
in characterizing the populations from the two colleges.
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Table XL
Percentage D istrib u tio n of Students' Ages
Age

WMU

GRJC

17

1.5

1.5

18

55.9

63.7

19

25.0

18.1

20

8.9

4.6

21

2.2

4.6

22

1.5

1.2

23

2.2

2.3
0.4

24

0.7

25

—

1.2

27

—

0.4

29

0.7

—

30

0.7

—

31

—

0.8

32

—

0.4
0.4

38

—

40

0.7

—

45

—

0.4

The mean student age fo r a ll WMU students was 21.23 and fo r those
at GRJC i t was 19.03.

For those in the matched-pairs from WMU the

mean age was 21.23, and fo r those from GRJC, 18.77.
The students were asked on the fin a l questionnaire what fin a l
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grade they thought they honestly deserved.

The results expressed

in percentages appear in the next two tables.
Table XLI
Final Grades A ll the Students Thought They Deserved
Final Grade

WMU

A

16.60%

GRJC
8.70%

B

48.90%

31.45%

C

31.25%

49.00%

D

3.25%

9.25%

E

0.00%

1.60%

Table XLII
Final Grades Students in the Matched Group
Thought They Deserved
Final Grade

WMU

GRJC

A

16.25%

11.20%

B

48.85%

31.78%

C

31.50%

49.95%

D

3.40%

7.07 %

E

0.00%

0.00%

Another question asked was whether the students planned on taking
any more college biology courses.

Their responses appear in Tables

X L III and XLIV.
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Table X L III
Plans Indicated by A ll the Students
for Taking More College Biology
Responses

GkJC

WMU

Yes

19.1%

23.2$

No

65.5$

69.5$

15.4$

7.3$

Maybe

Table XLIV
Plans Indicated by Students in the Matched Group
fo r Taking More College Biology
Responses

WMU

GRJC

Yes

19.7$

22.7 $

No

64.3$

72.0$

16.0$

5.3$

Maybe

The following two tables show the science and mathematics
background of the students enrolled in the biology courses in the two
colleges p artic ipating in this study.

The entries are in percentages.
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Table XLV
Science and Mathematics Background of
A ll the Students Expressed as Percentages

Course Background

WMU

GRJC

1 y r . of High School Biology

95.6

2 yrs. of High School Biology

11.8

90.7
20.1

1 y r . of High School Chemistry

64.7

45.6

1 y r . of High School Physics or
Physical Science

36.8

17.8

1 y r. of High School Algebra

97.8

91.5

1 y r. of High School Geometry

86.0

71.4

One Science Course in College

56.6

10.0

Two Science Courses in College

5.9

1.2

One Math Course in College

36.8

7.3

Two Math Courses in College

10.3

1.9

Note:

The science course(s) at the college level did not include

the two biology courses th at were investigated in this study.
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Table XLVI
Science and Mathematics Backgrounds of Students
in the Matched Group Expressed as Percentages

Course Background

GRJC

WMU

1 y r . of High School Biology

94.7

91.7

2 yrs. of High School Biology

12.1

20.5

1 y r. of High School Chemistry

65.2

50.0

1 y r . of High School Physics or
Physical Science

35.6

18.2

1 y r. of High School Algebra

97.7

93.2

1 y r . of High School Geometry

86.4

78.0

One Science Course in College

56.8

11.4

6.1

1.5

One Math Course in College

36.4

10.6

Two Math Courses in College

9.8

3.8

Two Science Courses in College

In fe re n tia l S ta tis tic s
As explained in the previous chapter, any conclusions based upon
"t" test results must be considered with caution.

The w rite r f i r s t

observed the problem when converting the results of the achievement
test into Fortran computer language.

Subsequently, Chi-square tests

were used to determine i f there was a s ig n ific a n t difference between
the numbers of lower post-achievement te s t scores obtained by students
from the two colleges.
A twelve cell (two x six) Chi-square te s t was used to te s t the
following hypotheses, which are stated in null form:
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1.

S ig n ifican t differences were not found at the .05 level of con fi
dence between the number of lower post-achievement te s t scores
from a ll the students from WMU and those from GRJC.

This hypo

thesis was rejected at the .01 level of confidence on the basis
that the Chi-square value was 186.88 with df=5.
2.

S ig n ific a n t differences were not found at the .05 level of confi
dence between the number of lower post-achievement te s t scores
obtained by students in the matched pairs from WMU and those
from GRJC.

This hypothesis was rejected at the .01 level of con

fidence on the basis that the Chi-square value was 128.5 with
df=5.
The tw elve-celled Chi-square te s t results were based on a comparison
of the pre- and post-achievement tests:

(1) post-achievement te s t

scores higher than pre-achievement test scores, (2) no difference
between the pre- and post-achievement te s t scores; and (3) post
achievement te s t scores lower than the pre-achievement te s t scores.
The follow ing terms were used to designate

the previous p o s s ib ilitie s :

"High" fo r the f i r s t p o s s ib ility , "Equal" fo r the second, and "Low"
fo r the la s t.

The tw elve-cell Chi-square arrangement shown below was

used fo r the te s t and involved students from both schools.
WMU
High

WMU
Equal

WMU
Low

GRJC
High

GRJC
Equal

GRJC
Low

Observed
Expected
The expected frequencies were determined according to the method
set fo rth by Spence, e t a l . (1968).
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Two forms of "t" tests were used to compared the scores obtained
on the achievement tests and a ttitu d e scales.

A normal "t" test was

applied when the to ta l populations of unequal size from the two schools
were compared regarding th e ir achievement performances and th e ir a t t i 
tudes.

A correlated "t" te s t, designed especially fo r application to

matched-paired samples, was u tiliz e d to compare a ttitu d e and achievement
of the scores obtained by students in the matched pairs.

This la tt e r

te s t was also used with scores obtained by students in the matched
group a fte r the students with lower post-achievement scores were re
moved from the to ta l matched group; the remaining group being desig
nated as the "'A ' matched-paired group."
Table XLVII lis t s the pre- and post-achievement mean scores fo r
a ll the students from both colleges.

Table XL V III lis ts the mean

scores on the a ttitu d e tests.
Table XLVII
Achievement Test Mean Scores fo r A ll the Students
WMU

GRJC

P re-test

70.257

68.849

Post-test

75.103

77.934

Table XLVIII
A ttitude Scale Mean Scores fo r A ll the Students
WMU

GRJC

Pre-test

7.8699

8.0297

Pos t -t e s t

7.7015

7.7792
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The following hypohteses, stated in the null form, were tested
using the normal "t" te s t, to test fo r significance at the .05 level
of confidence on a tw o-tailed test:
3.

There is no difference between the mean score on the pre-achievement
tests and that on the post-achievement tests fo r a l l the students
at WMU.

Hypothesis rejected:

"t"= -3.054 with d f=270; "t" is

s ig n ific a n t at the .01 level of confidence.
4.

There is no difference between the mean score on the pre-achievement
tests and that on the post-achievement tests fo r a ll the students
at GRJC.

Hypothesis rejected:

"t"= -6.496 with df=516; "t" is

s ig n ific a n t at the .001 level of confidence.
5.

There is no difference between the mean score on the pre-achievement
tests fo r a ll the students at WMU and that of the pre-achievement
tests for a ll the students at GRJC.

Hypothesis accepted:

"t"=

1.09 with d f=393; "t" is not s ig n ific a n t.
6. There is no difference

between the mean score on the post-achieve

ment tests fo r a ll the students at WMU and th at on the post-achievement tests fo r a ll the students a t GRJC.
"t"= -1.51 with df=393;
7.

There is no difference

Hypothesis accepted:

"t" is not s ig n ific a n t.
between the mean score on the p re-attitu d e

scales and that on the p o s t-attitu de scales fo r a ll the students
at WMU.

Hypothesis accepted:

"t"= 0.959 with df=270; "t" is

not s ig n ific a n t.
8.

There is no difference between the mean score on the p re-attitu d e
scales and that on the po s t-attitu d e scales fo r a ll students at
GRJC.

Hypothesis rejected:

"t"= 2.288 with d f=516; "t" is sig

n ific a n t at the .05 level of confidence.
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9.

There is no difference between the mean score on the p re-attitu d e
scales

fo r a ll the

students a t WMU and that on the p re-attitu d e

scales

fo r a ll the

students a t GRJC.

Hypothesis accepted:

"t"= -1.322 with d f=393; "t" is not s ig n ific a n t.
10.

There is no difference between the mean score on the p o s t-attitu de
scales

fo r a ll the

students at WMU and that on the p o s t-attitu de

scales

fo r a ll the

students at GRJC.

Hypothesis accepted:

"t"= 0.497 with df=393; "t" is not s ig n ific a n t.
Table XLIX lis t s the pre- and post-achievement mean scores for
the students in the matched group from WMU and GRJC, and Table L lis t s
those on the a ttitu d e tests.
Table XLIX
Mean Scores on the Achievement Tests fo r the Matched-Paired Students
WMU

GRJC

P re-test

70.344

70.733

P o st-test

75.252

79.771

Table L
Mean Scores on the A ttitude Scales fo r the Matched-Paired Students
WMU

GRJC

P re-test

7.8886

8.1174

Post-test

7.7652

7.7167

The following hypotheses were tested using a correlated "t" test
designed fo r application to matched-paired groups.

These hypotheses
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are also stated in the n u ll form and were tested a t the .05 level of
confidence on a tw o-tailed test:
11.

There is no difference between the mean score on the pre-achieve
ment tests and that on the post-achievement tests fo r the matched
group at WMU.

Hypothesis rejected:

"t"= 4.163 with d f=130;

"t" is s ig n ific a n t a t the .001 level of confidence.
12.

There is no difference between the mean score on the pre-achieve
ment tests and that on the post achievement tests fo r the matched
group a t GRJC.

Hypothesis rejected:

"t"= 15.185 with df=130;

"t" is s ig n ific a n t a t the .001 level of confidence.
13.

There is no difference between the mean score on the pre-achieve
ment

tests fo r the matched group a t WMU and that on the pre-achieve

ment

tests fo r the matched group a t GRJC.

Hypothesis accepted:

"t"= 0.292 with d f=130; "t" is not s ig n ific a n t.
14.

There is no difference between the mean score on the post-achieve
ment

tests fo r the matched group at WMU and that on the post-achieve

ment

tests fo r the matched group at GRJC.

Hypothesis rejected:

"t"= 2.672 with d f=130; "t" is s ig n ific a n t at the .01 level of
confidence.
15.

There is no difference between the mean score on the p re -a ttitu d e
scales and that on the p o s t-attitu d e scales fo r the matched group
at WMU.

Hypothesis accepted:

"t"= 0.739 with df=130; "t" is

not s ig n ific a n t.
16.

There is no difference between the mean score on the p re-attitu d e
scales and that on the po s t-attitu d e scales fo r the matched group
at GRJC.

Hypothesis rejected:

"t"= 2.533 with d f=130; "t" is

s ig n ific a n t at the .05 level of confidence.
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17. There is no difference between the mean score on the p re-attitu d e
scales fo r the matched group at WMU and that on the p re -a ttitu d e
scales from the matched group at GRJC.

Hypothesis accepted:

"t"= -1.705 with df=130; "t" is not s ig n ific a n t.
18. There is no difference between the mean score on the po s t-attitu d e
scales fo r the matched group at WMU and that on the po s t-attitu d e
scales from the matched group at GRJC.

Hypothesis accepted:

"t"= 0.259 with d f= l30; "t" is not s ig n ific a n t.
Because the fourteenth hypothesis was rejected at the .01 level
of confidence, the w rite r removed a ll the matched-paired students
whose post-achievement scores were lower than th e ir pre-achievement
scores.

The remaining matched-paired students were designated as the

" 'A 1 matched group."

The following hypotheses were tested using the

correlated "t" te s t.

As one w ill note, only the scores from achieve

ment tests were used - fo r the pattern of the "t" scores regarding the
a ttitu d e scales showed no deviation between a ll the students' "t"
scores and the matched group's "t" scores.
19.

There is no difference between the mean score on the pre-achieve
ment tests and that on the post-achievement tests fo r the "A"
matched group at WMU.

The p re -te s t mean fo r the WMU students

was 71.356 and the p os t-te st mean was 81.455 with n=101.

This

hypothesis was rejected with "t"= 11.675 which is s ig n ific a n t at
the .001 level of confidence with a tw o -tailed te s t.
20.

There is no difference between the mean score on the pre-achieve
ment tests and that on the post-achievement tests fo r the "A"
matched group at GRJC.

The p re -te s t mean fo r GRJC students was

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

87
69.975, and the po s t-te st mean was 80.167 with n=120.
te s t mean was 80.167 w ith n=120.

The post

The hypothesis- was rejected,

fo r "t"= 10.912, which is s ig n ific a n t at the .001 level of confi
dence with a tw o -tailed te s t.
Table LI is applicable to Hypotheses 21 and 22.
Table LI
Mean Scores on the Achievement Test fo r the "A" Matched-Paired Group
WMU

21.

.

GRJC

P re-test

71.239

70.043

Post-test

81.239

80.413

There is no difference between the mean score on the pre-achieve
ment tests fo r the "A" matched group a t WMU and that on the pre
achievement tests fo r the "A" matched group at GRJC.
rejected:

Hypothesis

"t"= -2.296 with df=91; "t" is s ig n ific a n t at the .05

level of confidence with a tw o-tailed te s t.
22.

There is no difference between the mean score on the post-achievement tests fo r the "A" matched group a t WMU and that on the postachievement tests fo r the "A" matched group a t GRJC.
accepted:

Hypothesis

"t"= 0.557 with d f=91; "t" is not s ig n ific a n t at the

.05 level of confidence with a tw o-tailed te s t.
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CHAPTER V
INTERPRETATIONS, CONCLUSIONS AND RECOMMENDATIONS
The purposes of th is chapter are to (.1) in te rp re t and draw
conclusions from the descriptive s t a tis tic s , (2) describe the fin a l
results of the in fe re n tia l analyses, and (3) make recommendations
fo r the improvements in the two methods of teaching biology and fo r
future research in this area.
Interp retations and Conclusions Regarding the Populations
One of the lim itin g factors in this study was the size of the
population of a ll p artic ip atin g students at WMU - students fo r whom
the author had complete sets of data.

Of the 269 students who com

pleted the course a t WMU, data fo r 136 were included in this study.
As mentioned previously, the greater amount of freedom with respect
to attendance at the general assembly session presumably led to the
large number of "no responses" or incomplete sets of data, especially
that collected and evaluated a t the end of the course.

This lack

of in te re s t or motivation on the part of the WMU students was lik e ly
the uncontrollable and unmeasurable fa c to r that accounted fo r the
s ig n ific a n t number of post-achievement scores that v/ere lower than
pre-achievement test scores.

Consequently, this facto r led the in v e s ti

gator to subdivide the matched-paired group into the "A" and "B"
matched-paired groups.

The students in the "A" matched-paired group

had p o s t-te st scores equal to , or higher than, th e ir p re-te st scores.
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The "B" matched-paired group consisted of students whose post-test
scores were lower than th e ir p re -te s t scores.

Had there been more

students in the to ta l WMU population, there would have been an oppor
tu n ity fo r a greater selection of students fo r id en tifyin g the matched
pairs.

The controls would have been more rig id and there would have

been fewer exceptions included in the selection of the matchedpaired group.

Since this was not the case, the investig ato r used

as many of the subjects from a ll the WMU students as possible, with
only fiv e not included in the matched-paired group.

Consequently,

the descriptive s ta tis tic s concerning a ll the students and those in
the matched group from WMU are nearly id e n tic a l.

Since i t would aid

in the control of numerous variables, the matched-pairing technique
was selected when the study was f i r s t proposed.

This was necessary

because students from two d iffe re n t colleges, each having somewhat
d iffe re n t academic emphases and goals, were to be compared on achieve
ment in , and attitudes toward, th e ir respective biology classes.

This

technique proved to be u seful, but i t was surprising to note, a fte r
the data were collected, how sim ila r the two to ta l populations were
before the application of the matched-pairing technique.

This s im ila r

i t y of the populations from the two colleges contributed to the r e le 
vancy of the comparisons made.
Percentages or means were used to summarize the measurements of
numerous characteristics and factors concerning the populations from
the two schools.

This was necessary because the populations from the

two colleges were not equal.
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In te rp re tatio n s and Conclusions from
the Descriptive S ta tis tic s in Chapter rv
Many of the c r ite r ia that were bases fo r the selection of stu
dents from the matched-paired group were also used in comparing numer
ous in te rre la te d student variables.

The descriptive s ta tis tic s section

of this study included these in te rre la te d variables.
An analysis of the data in Tables V -V II, that concern a ll aspects
of fin a l grade d is trib u tio n , indicates that a higher percentage of
students from WMU received fin a l grades of "C" or above, whereas at
GRJC a higher percentage received fin a l grades of "C" or below.
Among the factors responsible may be the admission practices of the
two colleges, differences in grading procedures, and overall d if f e r 
ences in population cha ra cte ristics .

However, i t was concluded that

the students at WMU exhibited a higher degree of achievement compared
with the students at GRJC, based on th e ir fin a l grades.

The data in

Tables V I II and IX , that c la s s ify the fin a l grade d is trib u tio n accord
ing to the sex of the student, also support this conclusion.

I t is

evident that a higher percentage of a ll partic ip atin g females than
males a t both schools achieved fin a l grades of "A" and "B".

Conversely,

a higher percentage of a ll p artic ip atin g males than females at both
schools received fin a l grades of "C" and "D".

Only a t GRJC were the

numbers of males and females who received "E" grades about equal.
This may be due prim a rily to small sample size.
The data concerning the students' years in college also i ll u s 
trated the s im ila r itie s of both student groups.

Each college's popu

latio n was considered as an e n tity in calculating the percentages in
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Tables X and X I.

However, in Tables X II and X I I I the male and female

populations at each college were calculated on the same basis as in
Tables V I II and IX.

The percentages of freshmen at the two schools

receiving "A" fin a l grades were about the same, but no sophomores at
GRJC received this grade.

The percentage (4.6%) of the sophomore

women who received "A" grades from WMU accounted fo r the increase
of the WMU "A" fin a l grade percentage as compared with a ll the students
at GRJC.

Tables X II and X I II illu s t r a te the same percentages as

Tables V I I I and IX , except the data are separated into college class
levels.

One must be careful in making any concrete statements concern

ing any one of the subdivisions or table c e lls , fo r in several cases
the numbers of individuals in a subdivision are small and one might
make an erroneous conclusion based upon a lim ited sample size.
The mean numbers of cre d it hours carried by the d iffe re n t groups
of students are about the same.

I t is apparent from Table XIV that

the numbers of hours of c re d it carried by a ll GRJC juniors were some
what less than GRJC freshmen and sophomores, but lim ited sample size
precludes any meaningful conclusions concerning this s lig h t discrepancy.
In general, a ll the students from WMU carried , on the average, about
one-half hour of cre d it more than a ll the students at GRJC.

This

observation emphasizes the s im ila r itie s of the two populations from
which the matched group was selected.
With respect to the number of hours of employment, a substantial
difference is evident.

Over three-fourths of a ll the students at

GRJC were employed as compared with less than one-third of a ll the
students at WMU.

From the lis t s preceding Table XVI, i t is evident
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th at as the students advanced in college-class status, the percentage
of students employed increased.

As illu s tra te d in Table XVI, the

employed male students a t WMU worked an average of two more hours per
week than did the male students a t GRJC.

This was o ffs e t by the

greater numbers of hours worked per week by the female students at
GRJC as compared with the female students at WMU.

In comparing the

means of the to ta l numbers of hours of employment fo r a ll the students
from the two schools, the data in Tables XXVIII and XXIX show that
the students at GRJC averaged almost two hours more per week of em
ployment that did WMU students.

I t was observed that as the numbers

of hours of employment increased, the numbers of cre d it hours carried
decreased.

Again, lim ited sample size may account fo r discrepancies.

Tables X V III and XIX show th at of a ll the students, there were
fewer from WMU who attended Class "A" high schools than with those
at GRJC.

However, there was a greater percentage of WMU students who

attended Class "C" and "D" high schools than with those a t GRJC.
This might be explained by the fa c t that the m ajority of students
comprising the GRJC population lived in the near v ic in ity of the
college and attended high schools w ithin Grand Rapids, a ll of which
are c la s s ifie d as Class "A" schools.

Most of the schools in d is tric ts

immediately adjacent to the boundaries of the C ity of Grand Rapids
are c la s s ifie d as "B" in size.

In contrast, many of the school dis

tr ic t s near or adjacent to the City of Kalamazoo are prim arily rural
and are ty p ic a lly "C" and "D" in class size.

I t is the w rite r's

opinion that a higher percentage of students from these rural school
d is tric ts preferred admission to, and were accepted by, WMU because
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of its a c c e s s ib ility .
The data in Table XX substantiate the statements made in Chapter
I I I regarding the admission policies of both colleges.

I t is evident

that greater percentages of students a t GRJC were in the f i r s t two
GPA categories (1.0 0-1 .99 and 2 .00-2.4 9) than at WMU.

Conversely,

the percentages in the la s t two GPA categories (3.0 0-3 .49 and 3.50-4.0 0)
were higher fo r a ll the students at WMU than a t GRJC.

Table XXI re 

inforces the fa c t th at the GPA's were a major c rite rio n in the selec
tion of the matched p airs.

P a rtic u la rly important is the comparison

of the GPA means of students in the matched group.

In the matched

group, the means fo r a ll students in the two schools were 2.82 fo r
WMU and 2.81 fo r GRJC.

In comparing the students* high school GPA

ratin g s, the data in Tables XXII and X X III indicate th at the female
students had higher ratings than did the males.

The difference between

the mean GPA's of the male and female students was 0.44.
When the students' mean high school GPA's were c la s s ifie d accord
ing to th e ir fin a l grades and sex, in Tables XXX and XXI a d e fin ite
pattern was observed.

I t was expected that the higher the GPA, the

greater the achievement.

This was confirmed, as evidenced in the fin a l

grades, with only one exception, and that involved the GRJC males
who received fin a l grades of "A".

These male students had a lower

mean GPA than did the male students who received "B" fin a l grades.
The lim ited sample size may explain this discrepancy.
The investig ato r analyzed the relationsh ip between the numbers
of cred it hours carried , sex, and fin a l grades.
in Tables XXIV and XXV.

The analysis appears

There was no apparent pattern of relatio n sh ip ,
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except that the students at WMU carried about one-half c re d it more
during the semester involved in th is study.

Again, lim ited sample

size may account fo r existing discrepancies.
However, an analysis of the data in Tables XXVI and XXVII e v i
dences a pattern , especially fo r the GRJC population.

The pattern

shows that as the mean number of hours of employment per week increased,
the fin a l grades decreased.

This pattern is not evident in the WMU

population, but this may be due to the lim ited sample size.

One must

remember that only about 30% of the to ta l WMU population were employed
as compared with 75% from GRJC.

Thus, i t is reasonable to suggest,

on the basis of the pattern established by the to ta l GRJC population,
that as the number of hours of employment per week increased, the fin a l
grades decreased.
The data in Tables XXVIII and XXIX indicate no apparent re la tio n 
ship in the mean number o f hours of cre d it carried to the mean number
of hours of employment fo r the GRJC population.

Unemployed WMU stu

dents carried , on the average, one c re d it hour more than th e ir class
mates who were employed.

However, the employed GRJC students carried

a fra ctio n o f a c re d it hour more than th e ir classmates who were unem
ployed.
Before drawing conclusions concerning the data from the attitu d e
scale and achievement te s t, a b r ie f discussion of the norms of these
instruments is appropriate.

F ir s t, the a ttitu d e scale by Silance and

Remmers employed in this study was a Thurstone-type scale.

This type

of scale is concerned p rim a rily with locating items at p a rtic u la r
points on a hypothetical scale.

The Thurstone-type scale is based
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upon the median of a spread o f judgments.

Once the medians fo r each

item have been determined, i t then becomes possible to examine for
item position or scale value.

Medians are used because in psychophysics

a "ju s t noticeable difference" between two stim uli has tra d itio n a lly
been defined as one that could be distinguished by f i f t y percent of
the respondents (Oppenheim 1965).

The items are arranged on a scale

from strongly positive to strongly negative a ttitu d es.

Caution must

be used in tre atin g the scale values as actual numbers or as units
that are additive and interchangeable on a lin e a r continuum.

In using

this type of scaling technique, one does not deal with equal, but rather
with equal-appearing in te rv a ls .

One is dealing with psychological

rather than numerical u n its, which may or may not be equal.
the division of the continuum into eleven units is a rb itra ry .

Moreover,
There

fo re , one cannot think of a score of eight as numerically twice as
high as a score of four.
The Silance and Remmers a ttitu d e scale used in this investigation
consisted of 45 items having a range in scale values from 10.3 to 0.6.
Item number 23, the median item , had a scale value of 6.1 which was
used as the point of reference in the in te rp re tatio n of the attitu d e
scores.
The mean score of 150 on the Cooperative Science Test - Biology
is a converted score fo r national norms.

This converted score of 150

is equivalent to raw scores of 69 and 70 on the to ta l biology test
(Cooperative Science Test Handbook, 1964).

Thus, the raw scores of

69 and 70 were used as the reference point fo r in terp retations of the
achievement-test resu lts.

The mean score was determined on the basis
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of scores of 2,856 students in grades 10-12 from 107 high, schools
located throughout the continental United States.
An analysis of Tables XXXII and XXXIII reveals a pattern concern
ing the students' p o s t-attitu d e rating s.

In general, there was a

decrease in a ttitu d e rating with a decrease in fin a l grades.

I t should

be noted that a ll of the means of the medians of the scores attained
by the students on the p o s t-attitu d e tests at both colleges were above
the 6.1 median score.

This is interpreted to mean that the students'

attitudes toward th e ir respective courses were on the positive side
of the a ttitu d e scale.

The mean a ttitu d e rating fo r a ll GRJC students

was higher than fo r a ll students at WMU.

However, with the matched

group, the opposite results were noted, but again only to a s lig h t
degree.

Also, from these tables i t is evident the mean rating of the

course by a ll the male students was more favorable than fo r a ll the
female students from the same school.

The mean fo r the males in the

matched-paired group was higher than that of the females in the matchedpaired group.
A c la s s ific a tio n was made according to the p re-attitu d e means,
the students' sex and th e ir high school GPA's (Tables XXXIV and XXXV).
The results were s im ila r to those obtained from comparing the students'
p o s t-attitu d e mean scores with th e ir fin a l grades.

In general, the

lower the students' high school grade-point averages, the less positive
were th e ir attitudes toward th e ir biology courses at the beginning.
I t is also interesting to note that the p re -a ttitu d e mean scores f o r
the females were higher than those fo r the males.
reverse of the p o s t-attitu d e resu lts.

This rating is the

The difference between the mean
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scores fo r the male and female students at GRJC was not so great as
that a t WMU.

Again, i t is noted that the GRJC students had a more

positive a ttitu d e at the beginning of the course than did WMU students.
An analysis of Tables XXXVI and XXXVII reveals th at the higher
the fin a l grade, the higher were the mean scores on the post-achievement
test.

In addition, i t was noted that the GRJC students' post-achieve

ment means were higher than those of WMU students.

The results of

the "t" te s t fa ile d to show a s ig n ific a n t difference between these
post-achievement mean scores fo r both male and female students.
I t was found (Tables XXXVIII and XXXIX) that the higher the stu
dents' high school GPA's, the higher th e ir scores were on the pre
achievement tests.

The differences may be attributed to the small

sample size and student retention of information from high-school
biology.

The data in Table XLVI reveal that more than ninety percent

of a ll the students in this study had completed at least one course in
high-school biology.

Data in Tables XXXVIII and XXXIX disclose that

the high, school GPA's may be useful as predictors of achievement.
Data in Table XXXVIII reveal that the pre-achievement mean fo r a ll
p artic ip atin g students at WMU was higher than at GRJC.
sisten t with the higher GPA mean fo r WMU students.

This is con

Also, in both

colleges, the males had a higher mean on the pre-achievement test than
females; y e t the females exhibited higher achievement than males,
using th e ir fin a l grades as a c r ite rio n .
Data in Tables X II and VI indicate that many of the p artic ip atin g
WMU students over-estimated the fin a l grades they believed they de
served at the "A" and "B" levels and under-estimated at the "C" and "D"
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levels.

Most of the p artic ip atin g GRJC students under-estimated

fin a l grades they believed they deserved at the "A", "C", "D" and "E"
levels and over-estimated at the "B" le v e l.

N in ety-five percent of

a ll partic ip atin g students received the grades they thought they de
served with one exception - the number of GRJC students who believed
they deserved a "B" and did not receive this fin a l grade.

There were

more under-estimates at GRJC than at WMU, which coincides with the
higher percentage of GRJC students in the "C", "D", and "E" levels
than WMU students.

The same pattern is revealed in data in Tables

XLII and V II.
Data in Tables X L III and XLIV indicate a greater percentage of
students at GRJC than at WMU planned to take more biology courses.
Data in Tables XLV and XLVI show th at WMU students had enrolled in
more mathematics and science courses than GRJC students.
In te rp re tatio n s and Conclusions Regarding
the In fe re n tia l S ta tis tic s Section of Chapter IV
The students at both colleges were advised that the measuring
techniques used in this study would not be used in determining th e ir
fin a l grades.

Nevertheless, there was a high percentage of incomplete

data sets (no responses) from the WMU students.

In ad d itio n, in the

w rite r's opinion, a large number of WMU students who completed the
data forms did not show in te re s t in performing s a tis fa c to rily on the
post-achievement te s t.

This la c k -o f-in te re s t fa c to r, which was im

possible to con trol, was probably operative in varying degrees among
the p artic ip atin g WMU students.

S ta tis tic a l analyses were used to

determine s ig n ific a n t differences, but the small sample size makes
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the v a lid it y of inferences from such references questionable.
The "t" te s t was applied to te s t the various hypotheses set fo rth
in Chapter IV.

The WMU pre- and post-achievement mean scores and the

GRJC post-achievement mean score were equal to or s lig h tly above the
national mean of 69-70 (Table XLVII).

However, the pre-achievement

mean from GRJC was s lig h tly lower than the standardized mean.

I t was

shown from the rejectio n of Hypotheses 3 and 4 (see page 83) that both
methods of teaching biology resulted in s t a t is t ic a lly s ig n ific a n t
differences in achievement.

The WMU difference was s ig n ific a n t at

the .01 level of confidence on a tw o-tailed te s t, while the GRJC d i f 
ference was s ig n ific a n t a t the .001 le v e l.

The difference in the

acceptance of confidence levels of .01 fo r WMU and .001 from GRJC may
be explained by the higher post-achievement mean scores from GRJC
than from WMU.

The acceptance of Hypotheses 5 and 6 (see page 83)

again illu s tra te s the s im ila r itie s of the populations from the two
colleges, since comparisons of the differences between the pre- and
post-achievement tests fo r both schools were not s ig n ific a n t.
The "t" te s t was also applied to determine achievement of a ll
p artic ip atin g students from GRJC and WMU (Table XLIX).

A comparison

of data in Tables XLVII and XLIX evidences the s im ila r ity of the preand post-achievement mean scores fo r a ll partic ip atin g WMU students
and its matched-paired group.

This s im ila r ity was expected, since

a ll but fiv e of the p artic ip a tin g WMU students comprised its matchedpaired group.

A sim ilar comparison of pre- and post-achievement mean

scores between a ll p artic ip a tin g GRJC students and its matched-paired
group showed the matched-paired group's mean score to be about two
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points higher.

This difference is presumably due to chance selection.

The results of the achievement tests and a ttitu d e 's c a le s were never
considered as c r ite r ia in selecting students fo r the matched-paired
group.

The pre- and post-test achievement mean scores of the matched-

paired group were equal to or above the national mean of 69 and 70
(Table XLIX).
A "correlated sample *t t e s t
11-14 (see page 85).

was applied to te s t Hypotheses

Hypotheses 11 and 12 were rejected at the .001

level of confidence on a tw o-tailed te s t.

This was expected because

these results were consistent with the rejectio n of Hypotheses 3 and
4 (see page 83).

Also, the acceptance of Hypothesis 13 was consistent

w ith the acceptance of Hypothesis 5 (see page 83).

However, the

rejectio n of Hypothesis 14 was not consistent with the acceptance of
Hypothesis 6 (see page 83).

Consequently, the w rite r applied the

"correlated sample 1t ’ " te s t to matched-paired group "A", as explained
in Chapter IV.
Hypotheses 1 and 2 (see page 81) were rejected on the basis of
the Chi-square te s t resu lts.

A s ig n ific a n t difference was evidenced

a t both colleges in the number of subjects w ith lower post- than pre
achievement test scores.

The results of the "t" te s t fa ile d to indicate

s ig n ific a n t differences between the pre- and post-achievement mean
scores of a ll p artic ip a tin g students at both colleges.

The following

problem arose in the selection of the GRJC students fo r the matchedpaired group.

Twenty-one of a ll of GRJC1s p artic ip atin g students had

lower post- than pre-achievement scores.

Eleven of these students

were selected fo r GRJC's h a lf of the matched-paired group.

Consequently,
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Hypothesis 14 (see page 85) was rejected fo r the matched-paired group
because of the chance selection of GRJC students and the higher number
of WMU students in the matched-paired group who had lower post- than
pre-achievement scores.
A "correlated sample ' t t e s t was applied to te s t Hypotheses
19-22 (see page 86-7) in order to te s t fo r s ig n ific a n t differences
between the achievement mean scores fo r the "A" matched-paired group.
A ll student pairs in the complete matched-paired group were removed
i f e ith e r member had a lower post- than pre-achievement score.

The

pre- and post-mean scores fo r the "A" matched-paired group were equal
to or above the national standardized mean.

Hypotheses 19 and 20

were rejected because, on a tw o-tailed te s t, the "correlated sample
1t 1" te s t results were s ig n ific a n t at the .001 level o f confidence.
These results coincided with the results of Hypotheses 3, 4 (see page
8 3 ), 11 and 12 (see page 85).

Data in Table LI show that the students

at WMU had higher pre- and post-achievement test mean scores than
did GRJC students.

The difference between the two p re -te s t mean scores

was found to be s ig n ific a n t at the .05 level of confidence, but the
difference between the p o st-test mean scores was not s ig n ific a n t.
Hypothesis 21 was rejected because of the s ig n ific a n t difference on
the pre-achievement mean scores.

This was presumably due to the

removal of the "B" matched pairs from the complete matched-paired
group.

From the data a v a ila b le , i t is not possible to explain the

difference on the pre-achievement mean scores of students comprising
matched-paired group "A", as the students' high school GPA's were
closely matched.

One can only speculate as to why Hypothesis 22 was
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accepted when Hypothesis 21 was rejected (see page 87).

The reason

fo r the post-achievement mean scores from the "A" matched-paired group
not being s ig n ific a n tly d iffe re n t could have been due to the lack of
in te re s t on the part of the WMU students.
The "t" te s t was also applied to determine the significance of
differences between the pre- and p o s t-attitu d e mean scores fo r a ll
partic ip atin g students at both colleges.

Data in Table XLVIII show

that the pre- and p o s t-attitu d e means of the median scores were a ll
above (p o sitive position) the 6.1 median of the a ttitu d e scale used
in this study.

The data in th is table also reveal lower p o s t-attitu d e

means of the median scores fo r a ll p artic ip a tin g students from which
one may in fe r less favorable attitu d es toward both biology classes
upon course completion.

The acceptance of Hypothesis 7

(see

page 83)

indicates that the difference in means on the pre- and po s t-attitu d e
tests fo r a ll the p artic ip a tin g students from WMU was not s ig n ific a n t.
However, Hypothesis 8 (see page 83) was rejected because the difference
in means on the pre- and p o s t-attitu d e tests by a ll p artic ip atin g GRJC
students was s ig n ific a n t.

Hypotheses 9 and 10 (see page 84) were

accepted, presumably because the p a rtic ip a tin g students from the two
colleges had s im ila r mean scores in a ttitu d e toward biology before and
a fte r the course, regardless of the teaching method.

The pattern

illu s tra te d by the matched group was sim ilar to that fo r a ll the p a r ti
cipating students.

Data in Tables L and XLVIII. reveal the same pattern,

indicating the "t" te s t results were s im ila r.

Thus, the rejectio n of

Hypothesis 16 (see page 85) was consistent w ith the rejectio n of
Hypothesis 8.
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Results of studies cited previously in which attitu d es were mea
sured, indicated s ig n ific a n tly favorable responses toward the audio
tu to ria l method of in stru ctio n .

However, in this study i t was found

th at differences were not s ig n ific a n t between the pre- and post-measure
ments of attitu d es of a ll the p artic ip atin g students at WMU.

The WMU

students' post-attitu des toward the au d io -tu to rial course were lower,
but not s ig n ific a n tly so; whereas the difference was s ig n ific a n tly
lower fo r the GRJC students' post-attitudes toward the tra d itio n a lly presented course.

The lower p o s t-attitu d e ratings by partic ip atin g

WMU students were due presumably to lack of in te re s t - the same factor
th at may have influenced the achievement test resu lts.
Recommendations
An analysis of the findings and conclusions of this study suggest
the following recommendations:
1.

The methods used fo r co llecting data must be uniform and should
be done at times that insure maximumstudent

attendance.

Also,

i t is desirable that the population or sample sizes in a study be
as large as possible.

When investigating a course that offers

as much f l e x i b i l i t y and student freedom as does the au d io -tu to rial
method of teaching biology at WMU, i t is most important to obtain
complete data fo r as many students as possible.

One cannot expect

complete data from a ll students, but the higher the percentage,
the b etter the results.
2.

For futu re research involving comparative s-tudies, some method
should be devised to account fo r the

time i t takes students to
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achieve a t a p a rtic u la r le v e l.

As w ith most au d io -tu to rial systems,

the laboratory organization permits the time facto r to be deter
mined s a tis fa c to rily .

However, with a tra d itio n a lly -ta u g h t class,

which includes lab o ra to rie s , a s im ila r measurement fo r time becomes
d iffic u lt.

Thus, in the design of future studies, every attempt

should be made to investig ate the time students spend in reaching
p a rtic u la r levels of achievement.
3.

One of the primary objectives of this study was to recommend ways
fo r improving biology in s tru c tio n , regardless of the method used.
The au d io -tu to rial approach used at WMU puts into practice most
of the theoretical advantages fo r which such a method of instruc
tion is designed.

The follow ing statements are made as recommenda

tio n s, based upon the w rite r 's observations and are in no manner
a c ritic is m of the a u d io -tu to ria lly -ta u g h t biology course in
operation at WMU.
a.

Some students fin d themselves thwarted by an open-ended,
independent and in vestig ative approach to science.

Many

students expect to be "spoon fed ," since they have become
accustomed to memorizing th e ir ways through a course rather
than acquiring knowledge through investig ative and independ
ent thought processes.

The au d io -tu to ria l system, in theory,

helps students to develop the la tt e r approach to learning.
b.

I f a course is to be taught by the au d io -tu to ria l method,
there are p i t f a lls that should be avoided since the audio
tu to ria l method is not the answer to a ll or even most of
educational problems.

Most p ractitio n ers in the f ie ld of
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au d io -tu to rial education recognize two important c o ro lla rie s ,
namely, (1) a poorly conceived course taught by the audio
tu to ria l method is s t i l l a poorly conceived course; and
(2) a bad lecture put on a tape is s t i l l a bad lecture.

A

properly conceived course is firm ly founded upon behavioral
objectives th.at are e x p lic it ly made known to the students.
A course should not be changed simply fo r the sake of change,
but only i f the change would improve an existing method of
in stru ctio n .
c.

T h e o re tic a lly , the a u d io -tu to ria l method is expected to free
the teacher to teach.

Therefore, i f the teacher becomes

fre e fo r research, g o lf, or some other p u rsu it, the most
important ingredient in the au d io -tu to rial system is lo s t.
I t is the w rite r 's opinion that some improvement can be made
in the course Biological Science 107 at WMU.

In this course

there is always one senior s t a f f member available fo r student
contact during the day.

I t has been the student's responsi

b i l i t y fo r in it ia tin g contact with senior s ta f f members.
However, many do not take f u ll advantage of this opportunity.
I t is the opinion of the w rite r that i f the senior s ta ff
members, in addition to the graduate assistants, were in the
laboratory fo r longer periods of tim e, the students would
find i t easier to i n it i a t e

personal contact with the senior

in stru cto r.
4.

I t is obvious th at the conventional or tra d itio n a l approaches are
not id e a l.

However, despite the disadvantages to these methods,
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students and teachers have adjusted to them; and they have become
the norm found In most schools.

I t should be remembered that

i f changes are to occur, they should be ju s tifie d in terms of
being equal to , or preferably b etter than, present forms of
in stru ctio n .
One of the stronger and more positive assets at GRJC is the
personal contact the students have with th e ir instru cto rs.

However,

of major concern to the in vestig ato r is the s ig n ific a n t decline in
p ositive attitudes exhibited by the students from this college.

Two

areas in p a rtic u la r deserve immediate a tte n tio n , the f i r s t being the
"cookbook" approach to the laboratory, which should be changed to a
method th at places more emphasis on student independence.

More

open-ended laboratory exercises should be in s titu te d that would help
the students develop in ve s tig a tiv e and manipulative s k ills .
crucial area includes the levels of student success.

The second

I t was evident

from the comparisons of the fin a l grade d istrib u tio n s fo r the two
schools th at higher percentages of the GRJC students in the Biology
101 course received the "C", "D" and "E" grades.

I t is quite natural

fo r students to become discouraged when they believe that they cannot
succeed, and thus attitu d es become less favorable.

I t was observed

that the percentages of the fin a l grades the GRJC students believed
they deserved were higher than the grades they received.

I t is the

w rite r 's opinion that i t would be possible fo r the s ta f f at GRJC to
develop or change the existing course whereby greater student success
could be realized without lowering the cours-e's standards, and there
fore not hinder the student who plans on transferring to a senior
in s titu tio n .
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CHAPTER VI

SUMMARY
A fte r the in vestig ato r had experience teaching in a tra d itio n a l
situ atio n at GRJC and assisted fo r a year in the au d io -tu to rial biology
laboratory at WMU, he became interested in undertaking a comparative
study of the effectiveness of these two methods of presenting biology.
Such a comparison seemed defensible despite the many variables that
had to be controlled , since the au d io -tu to rial method has received
much p u b lic ity .

I t was suspected i n i t i a l l y that the population of

students enrolled in the two d iffe re n t biology classes might d iff e r
s ig n ific a n tly .
With these factors serving as primary motivating forces, two
problems were delineated fo r this study.

The primary problem was to

investig ate and compare the relationships between these two methods
of presenting biological information to students c la s s ifie d as non
science majors and th e ir levels of achievement and attitudes toward
biology.

The secondary problem involved comparisons of in te rr e la tio n 

ships among a number of student variables.

I t was hoped that the re

sults of this study would serve as a basis for recommendations fo r
improving the courses in both in s titu tio n s .
A review of the lite r a tu r e research indicated that the audio
tu to ria l method has produced levels of achievement equal to , or better
than, the tra d itio n a l or conventional methods.

Also, some studies

involved a ttitu d e measurements from which the analyses fa ile d to indicate

107
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s ig n ific a n t differences or else differences that were s ig n ific a n tly
positive.
The population of students fo r which complete sets of data were
available consisted of 259 students enrolled in the Biology 101 course
a t GRJC and 136 students enrolled in the Biological Science 107 course
at WMU.

Since the students came from two colleges having d iffe re n t

student admission p o lic ie s , i t was believed necessary to employ a matchedpairing technique to control fo r as many variables as possible.

The

c r ite r ia used as a basis fo r pairing the subjects from the two d iffe re n t
colleges were (1) sex, (2) year in college, (3) students' high school
grade-point averages, (4) age, (5) high school c la s s ific a tio n s iz e ,
(6) number of cred it hours c arried , (7) fin a l grades, and (8) number
of hours of employment, i f employed.

Additional inform ation, including

course backgrounds, curricula and hours of study, was also collected.
As a re s u lt of the p a irin g , a to ta l of 131 pairs of students were desig
nated as the "matched group."
These two biology courses were comparable in a number of ways.
They were both designed to meet the lib e r a l-a r ts science requirements
of th e ir respective colleges, and so a high percentage of the students
were non-science majors.
s im ila r.

Secondly, the contents of both courses were

Also, the determination of the students' fin a l grades was

based upon nearly id entical grading scales.
Student information was gathered by having the students complete
two questionnaires, one of which was administered at the beginning of
the course and the other a t the end.

These provided information on which

the pairing was based, as well as other data fo r seeking answers to

the
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problems of the study.
The achievement tests and a ttitu d e scales were administered as
pre- and post-tests.

Achievement was measured with Cooperative Science

Test - Biology, Form B, and the Thurstone-type scale by Silance and
Remmers - A ttitude Toward Any School Subject was used fo r measuring
attitu d es.
A crucial factor became evident when the data were converted to
Fortran computer language.

I t was observed that an abnormally high

number of students had lower post-achievement te s t scores than pre
achievement test scores.

A Chi-square test used to determine i f the

differences between the numbers of students from each college who ex
hibited such lower post-achievement scores were s ig n ific a n t yielded
positive resu lts.

The number of a ll the students in WMU1s population

and in its matched group who had lower post-achievement scores was
s ig n ific a n tly higher than the analogous students from GRJC.

I t was,

therefore, necessary to remove from the origin al matched-paired group
a ll the pairs of students in which eith e r student had a lower postthan pre-achievement score.

Upon separating these students from the

matched-paired group, the two subgroups were designated as the "'A '
matched-paired group" and the 111B1 matched-paired group."

The former

group did not evidence the lower post-achievement scores; whereas,
the la tt e r group did.

This unexpected facto r that operated mainly

with the WMU population, was thought to re s u lt from a lack of in te re s t.
Thus, the v a lid ity of the results of the "t" te s ts , used to determine
fo r s ig n ific a n t differences in a ttitu d e changes and achievement, was
questionable.

,
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no.
Since confidence could not be placed on the results of the "t"
te s t and the "correlated sample ' t MI te s t, this study is , therefore,
descriptive.

Numerous comparative relationships were examined fo r the

two colleges, and the results are as follow s:
1. The students from WMU exhibited a higher level of achievement,
as indicated by th e ir fin a l grades.
2.

A greater percentage of females from both colleges received

"A"

and "B" fin a l grades, whereas a greater percentage of males from
both schools received "C" and "D" fin a l grades.
3.

The females from each college had higher high school GPA's than
the males from the same college.

4.

The high school GPA mean fo r the students at WMU was higher than

5.

Students' high school GPA's were consistent w ith th e ir fin a l

the analogous mean of students at GRJC.

grades in biology - the higher the student's GPA, the higher
his fin a l grade.
6.

There was no pattern evident in the relationsh ip between the
number of cred it hours carried and the students' fin a l grade or
sex.

In general, the WMU students carried about one-half cred it

hour more than the GRJC students.
7.

Seventy-five percent of the students from GRJC were employed,

8.

The relationships between the students' fin a l grades and th e ir

compared with th ir t y percent from WMU.

numbers of hours of employment per week, indicated that the more
hours of work per week, the lower the fin a l grade.
9.

The unemployed students at WMU enrolled in s lig h tly more than

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

one additional c re d it hour than employed students at WMU.

How

ever, at GRJC the employed students carried a fra c tio n of a cre d it
hour more than the unemployed students.
10.

Data indicated th at as fin a l grades decreased, so did the a t t i 
tude rating s.

11. The males from both colleges evidenced higher p o s t-attitu d e mean
scores than the females, but the females at each school had
higher p re -a ttitu d e mean scores.
12.

The students' fin a l grades were consistent with th e ir postachievement mean scores - the higher the fin a l grade, the higher
the post-achievement mean score.

13.

A pattern existed between the students' pre-achievement mean scores
and th e ir high school GPA's - the higher the GPA, the b e tte r the
performance on the pre-achievement te s t.

The mean scores fo r

both c r ite r ia were lower fo r the p artic ip atin g GRJC students
than fo r the analogous students a t WMU.
14.

The fin a l grades n in e ty -fiv e percent of the students believed

15.

Less than tw en ty-five percent of the p artic ip atin g students from

16.

Over ninety percent of the p artic ip atin g students from both

they deserved were consistent w ith the fin a l grades they received.

both schools planned to take additional biology courses.

schools had a t least one year of high-school biology.

Also,

science and mathematics backgrounds of the p artic ip atin g students
from WMU were more extensive than those of p artic ip atin g students
from GRJC.
The application of the "t" test to determine the significance of

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

112

the hypotheses stated in Chapter IV resulted in the following conclu
sions:
1.

A s ig n ific a n t difference in achievement was evidenced fo r a ll
p artic ip atin g students from both colleges between the pre- and
post-achievement mean scores.

This indicated both methods of

presenting biology were e ffe c tiv e .

This conclusion applies, how

ever, only to students in the group in which the post-achievement
scores were higher than the pre-achievement scores.
2.

The investig ato r fa ile d to find s ig n ific a n t differences between
the pre-achievement mean scores fo r a ll of the p artic ip atin g stu
dents from both colleges and fo r the matched-paired group.

This

indicated the s im ila r itie s of the students from both schools.
3.

S ig n ifican t differences were not found between the post-achieve
ment mean scores fo r a ll of the p artic ip a tin g students from both
schools.

This indicates the s im ila r itie s in the students from

both schools.
4.

The po s t-attitu d e mean scores were lower than the p re -a ttitu d e
mean scores at both colleges, but the in vestig ato r fa ile d to find
a s ig n ific a n t difference between a ll the p artic ip atin g students
and the matched-paired group at WMU.

The p o s t-attitu d e mean score

was s ig n ific a n tly lower than the p re -a ttitu d e mean score fo r a ll
the partic ip atin g students and the matched-paired group at GRJC.
5.

S ig n ific a n t differences were not found when the pre- and post
a ttitu d e mean scores between both of the colleges were compared
fo r a ll the p artic ip atin g students.
As a re s u lt of this study, the questions set fo rth in Chapter I I I
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are answered as follows:
Question 1.

I f comparable differences occur in student achievement,

what fa c to r(s ) in these two methods of presentation may account for
these differences?
Answer:

Both methods of presenting biological information produced

positive s ig n ific a n t d ifferences, but there was no indication that
one was more e ffe c tiv e than the other.

The mean scores on the post

achievement tests from both schools were equal to or above the national
norms.

I t was most unfortunate that i t was not possible to include

in this study a measurement of time spent reaching p a rtic u la r levels
of achievement.

The w rite r suspects that a s ig n ific a n t difference

would have been evident in favor of the au d io -tu to rial approach.
Question 2.

I f comparable changes occur in student a ttitu d e , what

fa c to r(s ) in the two methods of presentation may account for these
changes?
Answer:

Since there is a d ire c t relationsh ip between fin a l grades

and a ttitu d e , the GRJC students should have received higher fin a l grades.
The students at WMU may have desired more personal contact with the
members of the senior s t a f f.

I f such had occurred, a ttitu d e ratings

may have been higher.
Question 3.

Since in te rrelatio n sh ip s e x is t among the numerous student

variab les, what conclusions emerge from analyzing these in te rre la tio n 
ships?
Answer:

The answers to th is question are found in the results of the

sixteen comparisons investigated in the descriptive s ta tis tic a l section
of this study.
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Question 4 .

Does the data collected warrant the support of one teach

ing method over the other, a fte r considering the advantages and disad
vantages of both methods?
Answer:

Since both schools' methods of teaching biology fo r the non

science major were apparently e ffe c tiv e , i t would not be wise to change
fo r the sake o f change i t s e l f , unless d e fin ite improvements in learning
could be re a lize d .
Question 5 .

Should one method be shown to be more e ffe c tiv e , based

on the data re s u lts , what fa c to r(s } account(s) fo r this?
Answer:

The answer fo r Question 4 above is applicable here.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

APPENDIX
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PRE-QUESTIONNAIRE
COURSE,

__________________________ SECTION

Name______________________________________________________________ _________
Curriculum__________________________________ Year in College

I

II

III

IV

Kalamazoo Address___________________________________________ Phone___________
Home Address________________________________________________________________
High School______________________________________Year_Graduated_____________
COURSES TAKEN IN JUNIOR AND SENIOR HIGH SCHOOL
(Check in appropriate space, i f taken fo r one semester, enter 1/2)
Grade

7

8

9

10

11

12

General Science
Earth Science
Biology
Chemi stry
Physics
Physical Geography
Physical Science
Ari thmeti c
General Math
Algebra
Geometry
Trigonometry
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PRE-QUESTIONNAIRE (continued)
L is t below mathematics courses taken in college:

1 .___________________ 2 .____________________ 3 ..
L is t below science courses taken in college:

1.

2 .____________________ 3 ..
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POST-QUESTIONNAIRE

2.

1.

Name_________________________ _________________________ ___________
Last
F irs tMiddle
Student Number________________3. Sex____________ 4. Age___________

5.

Home Address_________________________________________________________

6.

City______________________________________7.

8.

High School Attended________________________ 9.

State__________________
Year Graduated______

10.

What was the approximate number of students in grades 10-12 of your
high school?___________

11.

What was the approximate number of students in your graduating class?

12.

What is the to ta l number o f cred it hours o f courses you are presently
taking?____________

13.

Please l i s t the courses you are presently taking by name and number.

14.

a.

Have you dropped any courses?

b.

I f yes, which courses(s)?_____________________________________

c.

Why?__________________________________________________________

Are you working this semester?

Yes

Yes

No______

No______

I f yes, answer the following questions:

15.

a.

About what percentage o f this semester have you been employed?
f u ll semester
3/4 semester________ 1/2 semester______
1/4 semester______

b.

Approximately how many hours per week do you spend at work?___

c.

During what hours do you work?________________________________

What is (are) your major fie ld ( s ) o f study?_______________________
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POST-QUESTIONNAIRE (continued)
16.

What is (are) your minor f ie ld ( s ) o f study?___________________________

17.

Have you decided on a d e fin ite occupation as of the present time?
Yes
No
I f yes , what?
_____________________________

18.

Are you planning on taking any more courses in the area o f biology?
Yes
No
I f yes, what?_____________________________________

19.

About how many hours per week do you spend on studying biology outside
of class?____________

20.

What grade do you expect in this course?___________

21.

What grade do you honestly feel you deserve?__________
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ATTITUDE ,T0WARD ANY SCHOOL SUBJECT
Name_______________________
Date_______________________
No.________________________
Pleas read each of the following statements c a re fu lly . Put a check
mark (t/) i f you agree with the statement. Put a cross (X) i f you
disagree with the statement. I f you simply cannot decide about a
statement, you may place a question mark beside i t .
( )
1.
1 ) 2 . I
(
) 3.
(
) 4.
(
) 5.
(
) 6.
(
) 7.
(
) 8.
(
) 9.
( ) 10.
(
) 11.
(
) 12.
(
) 13.
( ) 14.
( ) 15.
( ) 16.
(
(
(
(
(
(
(
(

)
)
)
)
)
)
)
)

17.
18.
19.
20.
21.
22.
23.
24.

(
(
(
(
(

)
)
)
)
)

25.
26.
27.
28.
29.

j
(
(
(
(

)
)
)
)
)

30.
31.
32.
33.
34.

No matter what happens, this subject always comes f i r s t .
would rather study this subject than eat.
I love to study this subject.
This subject is o f great value.
This subject has an ir r e s is t ib le attra c tio n fo r me.
I r e a lly enjoy th is subject.
This subject is p ro fita b le to everybody who takes i t .
This subject develops good reasoning a b ilit y .
This subject is very p ra c tic a l.
Any student who takes this subject is bound to be benefited.
This subject teaches me to be accurate.
This subject is a universal subject.
This subject is a good subject.
A ll of our great men studied this subject.
This subject is a cultural subject.
A ll lessons and a ll methods used in this subject are clear
and d e fin ite .
This subject is O.K.
I am w illin g to spend niy time studying this subject.
This subject is not receiving its due in public high schools.
This subject saves time.
This subject is not a bore.
This subject is a good pastime.
I don't believe this subject w ill do anybody any harm.
I am careless in my a ttitu d e toward this subject, but I
would not lik e to see this a ttitu d e become general.
I haven't any d e fin ite lik e or d is lik e fo r this subject.
This subject w ill ben efit only the b righter students.
My parents never had this subject; so I see no m erit in i t .
I could do very well without this subject.
Mediocre students never take this subject; so i t should be
elim inated from schools,
The minds of students are not kept active in this subject.
I am not interested in this subject.
This subject does not teach you to thin k.
This subject is very dry.
This subject reminds me of Shakespeare's pi ay--"Much Ado
About Nothing."
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12.1
ATTITUDE TOWARD ANY SCHOOL SUBJECT (continued)
(
(
(
(
(
(
(
(
(
(
(

)
)
)
)
)
)
)
)
)
)
)

35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.

I have no desire fo r this subject.
I have seen no value in this subject.
I would not advise anyone to take this subject.
This subject is based on "fogy" ideas.
This subject is a waste of time.
I t is a punishment fo r anybody to take this subject.
This subject is d isliked by a ll students.
I look forward to this subject with horror.
I detest this subject.
This subject is the most undesirable subject taught.
I hate this subject.
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